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BRAIN  AS  AN  ORGAN  OF  MIND. 


CHAPTER  I. 

THE  USES  AUD  ORIOIN  OP  A  NKRVOUS  BYBTEM, 

A  HFfiLEss  object  makes  no  appreciable  response  to  ex- 
ternal impreasions.  If  wo  touch  &  rock  or  a  stone,  no 
aoawmng  movemeiitB  follow.  Day  ani  night,  sumnicr 
and  winter  Bocceed  one  anothitr,  and  yet,  thougli  innDi- 
laato  objects  undergo  i in  perceptible  molecular  cbtingea, 
they  yield  no  active  and  viniblo  response  eithor  to  diurnal 
or  to  BOftsonal  vteissitudca* 

It  IB  wholly  difforent,  as  we  know,  with  the  nicmbsre 
of  the  vegetable  lutigdom  existing  around  and  amongst 
these  inanimate  thingK.  The  seitsonal  chan*^6a  shown  by 
them  are  familiar  to  all.  The  putting  forth  of  the  leaf, 
Iho  period  of  active  gi'owtli,  the  bloom  of  llowers,  the 
sheddiug  of  seed,  the  fading  and  fall  of  leaves,  are  bo 
many  nianifostationa  of  an  internal  activity  which  dia* 
play  themselves  with  iiever-faHing  regularity. 
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Plants  respond,  however,  to  more  definite  external 
changes  than  thoso  dependent  upon  aeasonul  mutations. 
Their  flowers  open  and  ebut  at  particular  hours  of  the 
day,  in  accordance  with  the  varying  amounts  of  heat  and 
Bunlight  falling  upon  them.  They  grow  more  rapidly 
by  night  than  hy  day,  though  as  a  general  rule  the  activity 
of  their  internal  changes  is  closely  related  to  the  degree 
of  heat  to  which  they  are  subjected.  Again,  whilst  they 
generally  grow  best  in  directions  where  they  meet  with 
most  air  and  light  (not  becauBd  of  the  latter  agency,  but 
rather  on  account  of  the  beat  which  goes  with  it),  innny 
of  thera  will,  in  the  coiirBO  of  a  few  days  or  within 
BUorter  periods,  bend  very  perceptibly,  so  as  to  bring  thena- 
selves  more  under  the  infl nonce  of  this  latter  agent. 

Amongst  some  representatives  of  plaut  life,  the  corre- 
spondeuce  between  internal  and  external  changes  ia 
nndoubtedly  less  obvious  than  in  many  of  the  inBtanfie 
just  referred  to.  Thus  is  it  with  the  black  or  grey  film 
of  Lichen  which  marks  as  with  a  patch  of  paint  the  damp 
surface  of  some  weather-beaten  rock.  Yet,  watch  it  caro- 
fiilly  from  time  to  tirae»  and,  even  in  this  lowly  form  of 
life,  responsive  though  sluggish  changes  may  be  detected, 
sufficient  to  remove  it  from  the  category  of  inanimate 
things  to  which  the  rock  itself  beloTijjs. 

The  comparative  complexity  of  life  exhibited  by  mem- 
bers of  the  vegetable  kingdom  ia,  however,  small ;  and 
for  this  two  principal  causes  may  be  cited. 

(1,)  Aa  a  rule — to  which  there  are  only  fev^  though; 
interesting  exceptions,  to  be  mentioned  further  on — they 
subsist  on  inorganic  materials,  deriving  their  food  from 
the  gaseous  or  dissolved  mineral  elcmouts  existing  in  the 
air  or  water  with  which  their  surfaces  are  bathed,  la 
their  natural  or  healthy  stale  plants  decompose  carbonio 
acid,  fixing  its  carbon  and  sett  ing  free  its  oxygen.  The/ 
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ecoDipoae  water,  so  as  to  retuiti  its  hydrogen  ;  whilst 
ey  also  abstract  nitrogen    eithor  directly   from  the 
tmospbere,  or  indirectly  from  the  nitrate  of  ninmonia 
rmcd  therein  find  bronj^ht  to  the  BoiJ  in  refreshing 
owers.    This  work  of  decomposiiionj  under  the  in- 
nance  of  light  and  hcnt,  goes  hftud  in  hand  with  one  of 
an  opposite  kind,  resultioEf  in  tlie  elaboration  of  those 
organic  and  living  compounda  which  enter  into  the  com- 
l^sition  of  vegetal  tisBues. 

(2.)  Tl\en  agnin,  aa  a  rule,  plants  exhibit,  no  inherent 
poivers  of  movement  otiier  than  those  connected  with 
their  growth.  The  movements  of  the  Sunflower  and  its 
allies  aro  exceptional  ;  and  thore  are  very  few  plants 
which  more  or  leaa  immediately  respond  to  a  touch  by  a 
movement,  in  the  way  that  the  Sensitive-plant  or  the* 
Venus  fly-trap  is  known  to  do.  To  this  snhjeot,  however, 
and  to  the  causes  of  such  motione  in  plants^  it  will  be 
necessary  to  return*  For  the  present  it  is  of  importance 
recollect  that  plants  do  not  mare  at  all  in  search  of 
d. 

Tho  comparative  simplicity  of  the  life- processes  of 
iants  is  in  the  main  due  to  these  two  pecuKarities.  They 
are  also,  perhaps,  the  moat  fundaraontal  attributes  oi 
plants  as  distiogulBhed  from  auimnls*    This  subject  ia 
~*ell  worthy  of  our  brief  attention,  siuce  if  its  considera- 
"on  should  lead  us  to  anything  like  a  correct  apprecia- 
tion of  the  mode  in  which  some  of  the  simplest  vegetal 
"rganiams  differ  from  some  of  the  simplest  animal  organ- 
ma,  thia  insight  may — apart  from  its  own  intrinsic 
terest — prove  of  the  highest  importance  in  regard  to 
r  present  inquiry.    It  may  enable  us,  in  a  measiirej  to 
comprehend  why  a  Nervous  System  is  absent  from  Plants, 
and  why  it  comes  into  eiustence  in  Animals.    It  may  help 
us  further  to  comprehend  why  this  nerve  tissue  gradually 
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increases  in  eoiDjilexity  m  aaceudiii*;;  to  more  and  mora 
highly  organized  typea  of  auiinal  life. 

*  *  »  ♦  « 

In  the  present  diiy  it  is  commonly  admittetl  tliat  many 
of  the  lowest  forms  of  life  camiot  positively  bo  assjrrued 
eitlier  to  tho  Vegetal  or  to  the  Animal  Kingdom.  Theii 
characters  as  living  tbingg  are  not  Biiffieicutly  specific 
coDstuut  to  Gualnle  us  to  say  that  they  heloog  to  one  king'- 
dora  rather  than  to  the  other.  In  some  of  their  life-phases 
Fuch  orgf*nism3  soom  to  display  the  attribute*  of  vegetal 
life,  whilst  in  others  those  of  animal  life  are  no  less 
pronounced.     They  constitute,  in  fact,  an  underlying 
indeterminate  plexus  of  changeahle  and  more  or  lesi 
related  forms,  appearing  now  as  animals,  now  as  plants—^ 
and  they  may  give  rise  to  descendants,  or  to  a  aeries  of 
them,  totally  unlike  tbemselves  and  their  own  immediate 
anceatofB*   Amonjt^Bt  such  forms  variability  reigns  supremo. 
These  creatures  of  circumstance,  which  become  metamor-*^ 
phosed  in  a  most  striking  and  apparently  irregular  manner^  ^ 
the  writer  htifi  proposed  *  to  include  under  the  general 
deEignatioD  of  *  ephomeromori>hs/    True  'species,'  iiti 
the  strict  acceptation  of  the  terra,  are  not  to  be  found 
amongst  them. 

Starting  from  this  neutral  and  changeable  ground, 
however^  forms  of  life  appear  that  habitually  reproduce 
their  like,  either  directly  or  indirectly  ;  Borae  of  which  are 
unmistakably  members  of  the  vegetal  kingdomj  whilst 
otherg  are  no  less  characteristic  representatives  of  the 
animal  world. 

Owing  to  the  frequency  and  rapidity  with  which  transi- 
tions from  Togotal  to  animal,  or  from  animal  to  vegetal^ 
motles  of  growth  have  been  obBervcd  to  occur  amongst 
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*  epbcmeromorpha,*  we  are  compelled  to  believe  tliat 
such  passages  from  the  one  mode  of  molecular  coinpDsition 
and  iictivity  to  the  other,  may  be  determined  without  my 
great  difliculty  hy  iiitomal  cLemico-nutntive  changes, 
whether  these  latter  have  or  have  uotbeen  in  part  induced 
by  extorual  influences*  Such  transitiona  from  vegetal  to 
fluhnal  modes  of  life,  or  the  reverse,  are  regarded  by  the 
writer  an  comparable  with  some  woU-knomi  metamor- 
phosee  of  form  and  nature  amongst  simpler  kinds  of  matter.* 

It  is  pertain,  as  Prof-  Graham  showed^  that  one  and  the 
Sam0  aaline  Buhslanco  may  exist  with  its  molecules  now 
in  the  crystalloid  and  naw  in  the  colloidal  mode  of  ngffre^ 
gation,  according  to  the  different  influences  under  which 
it  has  been  produced,  or  to  which  it  has  been  afterwarda 
snhjecteJ,  This,  for  instance,  is  the  case  with  silica,  with 
the  seatiuioxidea  of  chromium  and  iron,  and  with  other 
mineral  anbfitances.  On  the  contrary,  it  is  also  known  that 
certiiin  typical  colloids  may,  under  some  conditions,  be 
converted  into  crystolhnds. 

Again,  Iranaformations  of  a  similiu'  order,  though  of 
different  degrees  of  comple?Eity,  are  met  with  amongst 
saline  and  elementary  Bubstauces,  when  these  assnme 
diflerent  *  allotrepic'  conditions.  Well  known  illQstrationa 
of  thiH  kind  of  metamorphoslB  are  met  with  in  the  dif- 
ferent interchangeahlo  states  of  carbon,  of  phosphoruB, 
and  of  sulphur.  The  passage  from  one  to  the  other 
nllotropic  atate  amongst  these  elementaiy  substtmces  may 
take  place  either  with  difficulty  or  with  comparative  readi- 
ness, though  the  ease  and  celerity  with  which  analogoas 
transfoi'mations  are  effected  in  the  case  of  certain  saline 
Buhstancea  is  still  more  interesting  in  its  bearing  upon  the 
transformations  of  simple  living  units.    No  better  instance 
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OiS  be  selected  thau  tbe  CAse  of  mercQric  iodide,  a  SO 
stanoe  well  knoms  to  exist  in  two  toUiUy  distinct  cr)  stalli 
forms  wbicb  differ  also  in  colour.    Watts  says — ^*  The 
erptala  tam  yellow  vLeo  beattrJ,  and  resumo  their  re^ 
tint  on  cooliog.    Tbe  jeUow  cnstals  obtained  hy  ^ubli^ 
matiou  retain  tbeir  colonr  wben  cooled  i  bat,  on  thi 
eligbtest  rubbing  or  etining  with  a  pointed  instrumenl 
tbe  pari  ivhich  ia  toucbed  turns  Buarkt^  aud  tbis  cbaoj 
of  colour  extends  with  a  slight  motion » as  if  the  mass  m 
altve^  tbronghont  tbe  whole  group  of  crystals  as  far 
they  adhere  together."  \ 

Tbufl,  it  would  appear  that  the  phenomena  of  alio* 
iropiHrn  and  dimai-pbism ,  aud  tbe  fiuxes  from  tho  crysi 
talloid  to  the  {.olloid  state  nud  tbe  reverse,  are  strictH 
comparable  vritb  tbe  transformations  from  tbe  vegetal  to 
tbe  animal,  and  from  tbe  auinxal  to  the  vegetal,  modes  (4 
growtb  so  common  amongst  *  epbemeramorpbs.'  Tbfl 
members  of  tbe  animal  and  the  vegetal  worlds  may 
regarded  as  self-multiplying  and  progressively  varying 
products,  resulting  from  developmeuta  which  are  con- 
tinually taking  origin  from  what  may  be  regarded  afl 
different  allotroplc  slates  of  Living  Matter.  | 
^  #  «  «  «  ^ 

Of  tbe  organisms  appearing  as  constituents  of  tli^ 
ephemcromorpliic  assemblage  of  vital  forms,  AmcBbse  ma) 
perLups  he  cited  as  the  Eimplest  types  of  nnquestionabl] 
animal  life;  jnst  aa  some  of  the  smallest  Oonfervce  ol 
Moulds  are  amongst  the  simplest  known  forms  of  tb* 
vegetal  type  or  mode  of  growth. 

Conferva)  or  Moulds,  after  tbe  fashion  of  plants  geuerally, 
feed  upon  the  inorganic  elements  ex^ieting  around  them 
fcitlier  in  water  or  in  air;  Amoeliojj  after  tbe  manner  ol 
animals  gencriilJy,  feed  upon  matter  wliich  is  cither  living 
or  which  bae  once  bred-    This  difference  between  plant( 
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and  aQiiuals  in  tLeir  mode  of  uutrltioQ  is  so  fundamental, 
Bo  much  depends  upon  it,  that  wo  sball  find  it  worth  our 
while  to  inqaira  a  little  more  particularly  how  the  dopar- 
tnre  from  the  more  primordial  modo  of  uutritiuii,  met 
with  amongst  atiimals,  can  be  accounted  for. 

If  we  examiue  some  simple  vegetal  unit  through  a 
microscope — the  germ  from  which  a  Conferva  grows,  for 
instance — -we  fiud  it  eshihiting  no  distinct  changes  of 
form;  and,  if  unprovided  with  one  or  more  vibratil© 
filnments,  it  also  bLows  no  movements  from  place  to 
place.  It  manifeHts  no  tendency  to  seize,  nor  has  it  any 
means  of  taking,  solid  food.  As  Boon,  therefore,  aB  the 
changes  incident  upon  the  active  growth  of  such  a  unit 
have  ceased,  the  outer  portion  of  its  Bahetance  remains 
constantly  in  contact  with  the  medium  in  which  it  lives, 
and  shortly  becomes  modi  tied.  It  condenses  and  is 
otlierwise  changed  into  an  investing  envelope,  w*hich 
commonly  goes  by  the  name  of  a  *  cell-WiUl.*  In  the 
AmtEba,  on  the  other  hand,  we  have  an  organiara  which, 
like  the  fabled  Proteus,  is  for  ever  changing;  its  form. 
It  is  composed  of  ft  clear  jelly-like  material,  endowed 
with  a  superabundance  of  that  intiiueic  activity  character- 
istic of  animal  life  generally.  Those  internal  molecular 
movements,  indeed,  which  arc  inferred  to  occur  to  a 
marked  extent  in  all  living  matter,  seem  to  take  plaeo  in 
it  in  a  pre-eminent  degree.  Its  whole  substance  shows  a 
mobility  of  tho  moat  striking  kind.  It  continually  moves 
through  the  water  or  over  surfaces,  by  alternate  projec- 
tions and  retractions  of  its  active  body-substanee. 

Two  consequences  flow  from  this  high  inherent 
activity  of  the  Amtrba.  In  tho  hrat  place,  owing  to  the 
creatoress  rai)id  alterations  in  shapo^  no  one  portion  of  its 
fiubstance  is  cpntinuously  exposed  to  contact  with  its 
medium^  and,  as  a  conseq^uence,  that  first  step  in  organ- 
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izaLion,  above  referred  to  in  coiiuection  with  the  Confuiva 
unit;  <loes  not  take  place.  So  long  as  the  AmoBba  remaios 
in  full  rigour  and  coBstantly  chas^ea  its  ahape^  a  c^ll-wall 
cannot  bo  fonnt^il . 

Secondly,  during  the  movemeulB  of  the  organism  fratn 
place  to  place,  portiona  of  its  projected  bodj-substauco 
come  into  contact  with  other  more  minatc  organisms, 
Buch  as  unicellular  algm  und  difitt)nifi,  or  -with  Email 
portions  of  organic  r^-fuee,  and  these  are  oftentimedj 
drawn  iuto  its  interior  when  the  projections  with  which 
Ihoy  are  in  contact  are  retracted*  The  activity  of  the 
Amoeba  and  ita  allies  is  excited  hy  contact  with  maUer  of 
this  and  of  other  kiud^,  though  inorganic  fragments  ar$ 
subsequently  rejected. 

The  BurplQS  inherent  activity  of  the.  Amteba  being, 
tberftfore^  one  of  the  immediately  determining  causes  of  its 
absorbing  solid  food,  may  also  bo  regarded  as  one  of  the 
causes  of  its  departure  from  the  more  elementary  mode 
of  nutrition  met  with  amongst  the  simpler  or  less  vitalize 
organiama  from  which  it  has  been  derived. 

A  word,  however,  is  required  aa  to  the  *  seleotive ' 
power  which  the  Amceba  seems  to  manifest. 

A  magnet  'selects^  mitiute  fragments  of  iron  or  ateel 
from  any  heap  of  lieterogeneous  particles  coiitainiiig 
snch  matter  with  which  it  may  be  brought  into  contact. 
Ccrtaiu  plants,  also,  such  as  the  Sun-dew  and  the  Venus 
fiy-trap,  '  eelect/  and  seem  capable  of  discriminating, 
nitrogenous  from  other  substances  with  which  they  com*! 
iuto  contact*  The  leaves  of  these  p!ant»,  however,  possess 
no  nervous  tissues  of  any  kind ;  so  that  the  fact  that  they 
seem  to  'select*  nitrogenous  substances  merely  implies 
tlie  existence  of  some  relation  between  the  molecular  com- 
position and  activities  of  the  leavoB  and  those  of  such 
substances — by  virtue  of  which  mutual  contnct  keeps 
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up  a  stntc  of  exciULtion  in  the  tissues  of  the  plant.  Simi- 
larly, there  must  lie  some  definite  molecukr  rektiou 
bulween  u  uLagni^t  and  pieces  of  iron  or  eteel,  leadiDg  to 
their  *  solcctiou  *  wiiouever  they  cotne  vvitliin  certain  degrees 
of  proximity.  In  the  ifttter  case  wo  have,  unqiie.stioniibly, 
to  do  with  problems  of  molecular  physics  ;  flind  in  the  case 
of  the  affinity  which  seems  to  exist  between  the  nervwleaa 
AmcBba  and  the  organic  fragments  or  minute  living  things 
which  it  absords  as  food,  we  probalily  have  to  do  with  an 
allied  problem.  There  may  be  tlilTerences  of  degree,  but 
none  of  kind;  all  must  be  included  as  problems  of  mole- 
cular physics. 

At  any  rate,  be  the  cause  what  it  may,  the  coming  into 
contact  of  a  fragment  of  organic  matter  with  projected 
portions  of  the  substance  of  an  Amoeba  is  followed  by  the 
closure  of  this  mobile  substance  round  it.  The  organia 
mass  is  gradually  drawn  into  the  interior  of  our  Proteus, 
where,  after  being  thus  appropriated,  it  slowly  disappcara 
by  a  rudimentary  procesa  of  *  digestion.'  After  feeding, 
in  this  way,  and  assimilating  the  org:anic  matter  taken  into 
JiS  interior,  the  Amceba  rapidly  increases  in  size,  and  per- 
haps etill  continues  its  active  moyements.  Or^  as 
happens  at  other  times,  its  movements  may  cease  :  the 
creature  grows  eluggish  from  over-feedingj  and  then,  as  a 
consequence  of  its  motionless  condition,  its  outer  layer 
soon  becomes  differentiated  into  a  oyst*wall. 

Simple  as  this  mode  of  nutritiou  may  appear  to  those 
wlio  are  familiar  with  it,  its  initiation  in  the  Ama3ba  is 
followed  by  consequeocos  of  the  most  profound  importance* 
The  assimilation^  after  such  a  fashion,  of  already  elaborated 
organic  matter  is  strongly  calculated  to  iiicroase  that  hif^h 
degree  of  vitality  which  originally  led  the  organism  to 
take  in  solid  food.  This  mode  of  nutrition^  in  fact^  entails 
a  liberation  within  the  organism  of  much  of  the  molecular 
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motion  which  was  poteutial  in  its  food ;  and  molecn 
motion  thus  libei*ated  becomes  a  caase  of  further  activd 
movonaenta  in  the  organism— provided  its  constitution  is, 
at  the  time,  able  to  accommodato  itgolf  to  such  powerful 
internal  causca  of  chanfje.  Whero  it  is  not  in  such  a 
condition  the  assimilation  of  much  solid  food  followed  by 
an  intorval  of  apparent  rest,  during  which  a  thorough  re- 
adjustment of  the  moI^CTiIar  constitution  of  the  organism 
occurs.  In  the  latter  caac^  the  encysted  masa  of  living- 
matter  may  after  a  time  <livide  into  a  swarm  of  smaller 
though  most  active  Monads.  Or  else  traces  of  higher 
organization  may  reveal  themselves  in  the  encysted  mass 
as  a  whale — so  that  the  previous  Amojba  shortly  emerges 
from  its  cyst  as  an  active  creature  of  larger  size  and  higher 
type. 

Ciliated  Infusoria^  Rotifers,  and  otlicr  forms  of  animal 
life  of  different  degrees  of  complexity,  mny  take  origin  in 
such  encysted  masses  of  protoplasm,  forming  the  resting 
stages  of  previously  active  Amosbfe.*  The  extent  to  which 
tbiH  occurs,  howeverj  and  the  real  significance  of  the  pro- 
cesseSj  are  subjects  upon  wliich  all  naturalistfl  are  far 
from  being  of  the  same  opinion. 

Be  the  interpretation,  however,  what  it  may,  the  fact 
remains  tbat  CiHated  Infusoria,  Rotifers,  and  other 
orgaiiisma  may  be  ^een  to  develop  directly  from  encysted 
matrices  of  vegetal  or  of  Amceboid  origin*  Nay  more,  any 
forms  of  the  animal  series  thus  initiated  exhibit,  in  an 
even  more  marked  degi'ce,  the  fundamental  properties  of 
the  Amaiba — the  power,  that  is,  of  executing  well- 
marked  independent  movements  and  of  feeding  upon 
Rolid  food.  And  as  channels  for  the  reception  of  such  food 
become  more  and  more  formed^  wo  may  find  the  organ- 
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ism's  increa^inn;  powers  of  moveiuont  more  definitely 
minigtenng  to  ibis  capacity*  lis  motions,  instciid  of 
being  wholly  at  randoiij,  show  more  and  mom  signs  of 
purpoaivGiiGsg — tboy  become,  to  an  iucrettsing  degrco, 
BuLservieut  to  the  capture  of  food. 

Look,  tlienj  at  the  diflereiices  alremly  indicated  botli  in 
grade  of  orj^nnization  and  mode  of  life,  by  virtue  of  which 
isven  tho  simpler  kinds  of  animals  become  strildngly  un- 
like vegetal  organisms. 

TLe  unit  of  vegetal  life  before  it  has  attained  any  great 
size  exhibits,  by  reason  of  its  lower  degree  of  inherent 
activity,  a  tendency  to  undergo  the  first  stage  of  organiza- 
tion, tbttt  is,  to  develop  a  cell-wall  which  imprisonB  the 
more  active  living  matter  within  and  causes  it  to  under- 
go certain  ^condary  modiSeationH.  Before  this  occurs, 
however,  the  vegfetal  unit,  if  it  does  not  divide,  may  seg- 
ment or  bud;  the  bud  grows  into  a  unit  aimilar  to  its 
parent,  and  tbia  in  its  turn  may  also  segraent  or  hud.  By 
repotition  of  such  a  pro(?ess  motionless  cellular  orgauisma 
are  prodaced^  ^'hich,  though  preHeniing  almost  endleaa 
diflbrences  in  form  and  in  the  ultimate  arrangement  of 
their  unitfl,  are  in  the.  main  composed  of  mere  aggruga- 
tiooB  of  similar  parts — these  being  not  solid  units  of  pro- 
toplaftm,  but  mostly  veeicular  elements,  in  which  a  cavity 
filled  with  fluid  contents  ie  bounded  by  a  layer  of  pro- 
toplasm and  outside  this  by  au  inert  colI-wall.  We  may 
have,  in  the  more  simple  combinations,  long  strings  of 
such  elements  forming  cellular  lilaments,  afl  in  the  Con- 
fen'ffi  and  other  thread*like  algte ;  or  we  may  have  fliit 
cellular  expanmonn^  such  as  exist  and  brighieu  many  a 
rock  pool,  in  the  rich  green  fronds  of  Ulva.  Organisms  like 
tbia  present  qb  \vith  life  changes  of  ostremo  Bimplicity. 
If  they  move  it  is  becanae  they  are  swayed  to  and  fro  by 
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Ob  the  other  kmd,  in  ftttimy  Mj^MM  Mxlabofete 
AbmbU  —a  m  the  imnm  fiinu  of  C^lod  Isfdsom 
sd4  IMilsfi — «dl-iBOtkad  powcxs  of  loeoMtkn  an  dis- 
pUyod,  and  «e  have  to  do  with  cieatem  arlocii,  if  Umj 
do  Doi  '  aael^*  ai  all  evcB^  aeize  aad  avaOow  aolid  food. 
We  find  ta  the  latter  of  ibeae  fiuma  <tf  paaid  life,  dialioet 
ebamieb  fltrragli  which  food  la  taken  in  and  ahsoriied; 
we  have  gtandoJar  aUnttnrea  of  vaiioQa  kinds ;  we  hsve 
orgsna  of  locofpotion^  internal  and  exteraaL  Thus,  thoogh 
we  have  not  i^ei  been  able  to  detect  with  anj  oertunt^ 
OTflti  tbe  mrliments  of  a  nf^rrons  srstem,  the  grade  of 
vitality  of  th<;Me  unimiU  organisms  mnst  be  at  onoe  ad- 
mitted to  be  Dotablj  higher  than  thalp  of  phuits.  Tho 
degree  of  corrc^pondeDce  existing  between  such  creatures 
ami  ihtiir  aarroandings  is  already  much  more  varied 
tbafi  that  ex'miinff  between  vegetal  organisms  and  their 
lu&djuin  ;  and  this  kind  of  complexity  of  relation  steadUy 
iiji;n!ft«eii  in  animal  orgarnHma  onlj  a  little  higher  than  ^ 
those  to  which  we  have  already  refencd.  Their  responseejHl 
inoroovfir,  to  the  varied  external  influences  to  which  thej" 
have  liKJonio  nmctiable  are  effected  by  moTements  direct*^ 
rapid,  and  comparatively  complex— the  motions  tbentfA 
HrlwH  bt'int?  broo^'hljiliout  by  muscular  contractions,  partly 
«iiiiiiltimocjUH  and  partly  successive,  and  mostly  occurriug 
ill  ^roiipR  whicli  arc  doniiiboly  related  to  different  extcrual 
inipreflMonn.  llufcronco  to  a  few  of  their  conunou  muscular 
autioiiM  will  illuKtrato 

Conjoinud  muvcmciuts  of  the  head  and  its  appendages 
aro  norMlrd  for  thn  HriKuro  of  ffagmcuis  serving  as  food; 
and  lUv.Ho  iiii>tioiifl  must  Lo  followed  by  certain  others  ia 
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the  upper  parts  of  the  uliinentai-y  cnnal  before  the  morsel 
that  liaa  been  captured  can  bo  nwallowed*  A  series  of 
movements  of  thia  kind  may  occur  in  response  to  som© 
touch  upon  the  cxtornal  saduce  of  aucb  an  organism ; 
and,  after  a  rudimentary  sens©  of  sight  Las  once  been 
eatublislied,  impressions  produced  by  an  object  not  in  con* 
tact  may  lead  to  eomplex  locomotions  in  pursuit,  followed 
by  others  for  capturSj  and  others  again  for  the  swallovring 
of  food  or  prey.  The  sight  of  a  different  object  may,  how- 
ever, lead  to  movements  of  flight  rather  than  to  those 
of  pursuit.  The  organism  may  hasten  away,  to  avoid  a  poa- 
sibLe  attack — since  in  the  past  this  kind  of  experience  may 
often  have  followed  the  appearance  of  a  similar  object. 

Again,  the  process  of  digestion  in  such  animal  organ- 
isms is  aided  by  certain  accessory  glandular  organs,  whose 
activity  is  stimulated  by  the  contact  of  food  with  diiferent 
portions  of  the  alimentary  canal.  Absorption  of  the  pro- 
ducts of  digestion  is  either  simple  and  dii-ect  from  the 
alimentary  canal  into  some  general  body-cavity  whose 
fluid  comes  into  contact  with  most  of  the  organs;  or  it 
takes  place  through  deliuito  channels,  and  empties  itself 
into  a  circulatory  system  proper  in  which  blood  is  pro- 
pelled throughout  the  body  by  means  of  a  contractile 
heart  Cfmtaiuing  one  or  more  chambers.  Glands  also 
exist  whose  office  it  is  to  modify  the  constitution  of  the 
blood.  There  may  be  either  gills  or  lungs  to  reaovato 
it  by  contact  with  oxygen  and  to  get  rid  of  effete  products 
— though  in  thia  latter  function  the  organs  of  respiration 
are  powerfully  aided  by  renal  and  other  emnnctoriea. 

All  these  are  functions  having  to  du  with  the  preserva- 
tion of  the  life  of  the  individual,  thoijgh  another  sot  of 
activities  also  come  into  pUy  in  animals  that  have  attained 
a  grade  of  organization  of  the  kind  to  which  we  are  refer- 
ring*  These  new  activities  pertain  to  the  sexual  function — 


Hot  aL-i  tIt  tri*  sLr'^d  he  mav 
i^v.',f/./r  «  t.^*.^;  r/A^f^  af'^r  &  c-ricf  cc-nsi^entian  of 

IM  fciH.j.ift  r;':r.-oi5  friiLc-.x-ns  as-l  ssrnctares, 

*f»'.f  V/f/i':  rt.Urt'.f.'-M  to  t?ie  manner  in  which  these 
til  tu/iuitU'.tlfYf  not  ^/dIv  in  the  in'liri-laal  bnt  (by 
nfUm  *,t       pn$ifit\tU'.H  of  hftrt'Ahj  and '  nataral  selection ') 
titttthif        Utt:  of  that  Htim:Hsion  of  indiviJaals  consti- 
Uiiititf  iUh  rt%i'i\  or  *  H\fi:*:'n'M*  to  which  the  organism 

I'i'ffti  wfiiil.  liiui  fin-ti  liln^udy  Httid  it  will  be  seen  that 
I  III  (iti  lihiiiiiiry  rotiiiiLioiiri  iiiTr-KHiiry  for  tbo  initiation  of 
M  fiMvoiMt  l*y»l''">  'It*'.  *-xiHtoncc  of  a  livinfr  sub- 

)iliiii(  i>  nliiHif  I'M  iliilfility  iH  lu^li ;  and,  secondly,  the  poa- 
Mi'iiniiiti  li>  niirli  niiliMtiiiico  of  a  v/dl- marked  contractile 
|iiii>M  'I  hiH  hliili  iiH'iil-  (^ivrrit's  with  it  the  implication 
IImH  IIik  lhiH|<  iniitii  r  in  which  a  nervous  tissue  is  to 
iliiu>li<|i  iiitiiil  iu'l.  in  Ihr  liiNt  plui'o.  mibdivide  itstflf  very 
iiilMiili'U  lull'  firprinili'  iiiiitH;  or,  at  all  events,  that  it 
iiMixl  iii'l  liiiMMUP  tltlVt'r*'n(i»»t*'*l  into  colls  with  fully  de- 
M  Io|um|  ihOI  uitlU.   Mu»-h     tht^Ruhstttnco  of  the  organism. 
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if  not  comparath^eiy  structareleas,  must  composed  of 
plasLic  nnits  of  Living  matter^  not  murkod  oiT  from  one 
auother  by  doQnite  aud  lowly  viUiIiiced  cell-wallB* 

The  vegstftl  raoile  of  growth  is,  therefore,  as  ftlrendy 
indicated,  precisely  of  such  a  kind  as  to  nu&t  it  ia  an 
eminont  degree  for  devolopiuf^  any  notable  power  of  appre- 
ciating varied  e:^tcrnal  impressions  and  yielding  tmmodiate 
and  discriminative  responsea  thereto. 

The  neareafe  approach  to  such  powers  and  actions  in  the 
vegetal  world  is  mot  with  amongst  the  so-called  '^Insoo- 
tivorous  Plants,"  upon  whose  peculiarities  Mr,  Darwin 
hna  lately  given  U3  much  information.  If  we  dwell  for  a 
few  momenta  upon  those  highest  manifestions  of  the  kind 
known  to  occur  amongst  plautg,  the  reader  may  the  better 
comprehend  the  great  ^ulf  which  separates  the  vegetal 
from  the  animal  world  iu  regard  to  their  respective  powers 
of  dincrimination  and  motor  response. 

When  the  three  hair-like  projections  on  the  upper  surface 
of  the  leaf  of  the  Venus  fly-trap  are  touched,  thuy  almost 
itist-antly  communicate  a  stimulus  to  the  cells  on  each 
Ride  of  the  raid-rib,  whoreby  some  change  is  induced  in 
them,  and  the  two  halves  of  the  leaf  are  made  to 
approach  one  another.  The  nature  of  tlie  change  has  not 
yet  bpen  fully  ascertained,  though  the  evidence  adduced 
by  Darwin  fieems  to  show  that  it  is,  at  leftst  in  part,  duo 
to  the  contractility  of  the  cells  above  mentioned.  A  airai- 
lai  influence  appears  to  be  transmitted  from  the  glanda 
that  tip  the  bair-like  projections  fringing  the  leaves  of  the 
nn  dew,  to  certain  cells  near  the  base  of  these  bodiea, 
'  ereby  motion  is  produced.  In  this  latter  plant,  a  very 
appreciable  interval  occurs  between  the  time  of  irritiitiou 
ftnd  the  answering  movement,  Mr*  Darwin  has  never 
known  the  interval  to  be  less  tlian  ten  eeconda,  though 
en  in  the  one  case  in  which  it  took  place  bo  rapidly  as 


como  to  the  base  of  a  niar^niil  iei 
its  own  Bcnsitive  tip,  or  by  radiation 
Bhortor  bair-like  projections  near  tLe  c< 
whenever  their  terminal  glantla  have  beei 
tact  with  a  foreign  body- 

The  transmisBion  of  a  stimulus  from  onl 
tipping  a  marginal  tentacle  in  the  Sun-dew] 
noar  its  base^  though  conaiHtinf;  only  of 
ments,  beoomos  in  a  manner  viable,  owinc; 
during  its  passage  the  protoplasm  within 
tentacle  undergoes  certain  obvious  changeaj 
previously  in  a  state  of  uniform  difi'uston  thi 
|cel],  ifl  caused  to  aggrefjate  into  masses  of 
tnd  shape  as  the  invisible  wave  of  molecu! 
lasses  through  it,    This  'aggregation*  if 
[isible  sign  marking  the  passage  of  the  invia 
Lud  as  Darwin  points  out,  the  phenomenon 
certain  respects  to  that  which  oecui 
[tmalus,  an  invigii>Io  moleotilar  change  tr&v 
an  animal  organism.* 
[The  same  observer  has  discovered  that  t 
the  transmission  of  the  stimu] 
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along  the  line  travcracd  hy  the  stimulus.  It  haa  been 
found  that  a  Btimutns  rflEliateJ  from  the  centre  traverses 
the  leaf  in  a  lon^tudiual  moYG  rapidly  than  it  dovR  in  a 
transverse  direetion— a  circumstance  apparently  to  be 
explained  by  the  fact  that,  in  the  long'itndinal  direction, 
owing  to  the  elongated  shape  and  disposition  of  the  cellB^ 
the  stimulus  has  to  pass  throngh  a  smaller  number  of 
obslnictive  cell-walla. 

The  irritability  and  answering  movements  just  described 
are,  however,  altogether  exceptional  events  in  plant  life  ; 
more  especially  if  we  referj  aa  fit  present,  only  to  cases 
where  there  is  reason  to  suppose  it  possible  that  the  moTe^ 
naents  are  in  purt  due  to  contractility,  rather  than  to  mere 
disturbance  of  tension  in  some  of  the  cells — movements 
of  the  latter  order  being  not  unfrf^f|uent  in  etaraenSj  seed- 
pods,  or  other  parts  of  plants.  Yet  even  in  these  plants, 
where  contractility  appears  to  exist  to  a  more  marked 
extent  than  in  any  other  known  members  of  the  vegetal 
kingdofD,  there  is  no  development  of  a  specialized  con- 
tractile tissue,  and  still  less  is  there  an  appearance  of  any 
nerve  fibres  aloiic^  which  the  molecular  disturbance  consti- 
tnting  the  stimulus  may  be  transmitted.  The  obstacles 
opposing  the  passage  of  the  stimulus,  to  which  reference 
has  been  made,  would  indeed  also  tend  to  impede  the 
fot'niation  of  a  special  tissue  along  the  line  of  discharge. 

In  Animal  Organisms,  however,  we  have  a  highly  im- 
pressible and  very  active  vanety  of  protoplasm,  the  units  of 
which,  particularly  as  met  with  in  the  lowest  forms  of 
animal  life,  tlo  not  go  on  to  the  formation  of  a  distinct 
cell-wall,  and  are  for  the  most  part  aggregated  into  mere 
Bemi-fluid  or  gelatmong  tissues  capable  of  transmitting 
vibrations  in  dilferent  directions  with  the  greatest  ease. 

This  is  the  case,  for  instance,  in  Medusae,  which  are 
perhaps  the  lowest  animals  in  whom  a  nervous  system  Is 


18  TUli  USE8  AND  ORIGIX 

met  with*  The  recent  luvcstigationa  of  J*  Romanes* 
in  regard  to  tLiB  suliject  are  particularly  interostiiig, 
because  they  seem  to  show  such  a  system  actually  in  pro- 
cess of  evolution.  The  coutraL^tiona  of  the  bell-sbapcd 
swiinmiug  disc  of  conimou  AlfiJusro  must  he  famihu-r  to 
most  dweilera  hy  the  seaside^  and  we  now  leurn  that  this 
part  is  lined  internally  hj  a  very  thia  layer  of  hij»hly 
contractile  protoplasm,  not  yet  presenting  the  dcdnite 
characters  of  muscle.  We  learn  also  that  this  coutractlU 
layer  is  permeated  by  a  network  of  incipient  nerve  fibres, 
in  connection  with  rudinioutaiy  ganglia,  near  ita  free 
margin.  The  degree  of  irritability  of  these  altofjether 
elementary  animal  tissues,  nud  the  rate  at  which  stimuli 
traverse  them,  ie  alike  remarkable,  and  far  ahead  of  what 
may  h&  met  with  m  the  plants  in  which  analogous! 
changea  are  most  marked, — fiuch  as  the  Venus  fly-tran 
or  the  Sun-dew.  { 

According  to  Romaucs  the  molecular  discharges  issmng 
from  a  single  rudimentary  ganglion,  in  the  swimming  bell 
of  a  large  Aurelia  weighing  thirty  pounds,  were  sulhcient 
to  indie  vigorous  contractions  throughout  the  whole  mass 
— though  this  mass  weighed  30,000,000  timea  as  much 
as  the  ganglion  itself.  Whcu  all  the  ganglia  have  been 
removed/he  has  found  that  a  wave  of  contraction,  starting 
from  auy  part  of  the  disc  which  is  touched,  will  travel 
equally  iu  all  directions  at  the  rate  of  a  foot  and  a  half 
per  second^  so  that  the  contraction  of  the  whole  bell  id 
practically  simultaneous — and  therefore,  in  marked  con- 
trast with  the  very  bIow  bending  of  the  irritated  tentacle 
of  a  Sun-dew. 

Thus  the  preliminary  conditions  already  asse^rtod  to 
necessary  for  the  initiation  of  a  nervous  system  are  he 
present  to  a  well-marked  degree,  and  in  notable  contrasi 
*  "  PhiL  Trane.,"  Tart  187(?. 
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to  wlitit  obtains  amongst  the  members  of  the  TCgetable 
WorJd. 


As  to  the  mode  ly  which,  in  MedusfB  or  olher  low  types 
of  auimnl  lifo,  the  iirsl  rudiments  of  a  nervous  system  are 
evolved,  ouly  a  few  brief  statemeuts  can  bo  made.  On 
this  subject  inferences  have  only  too  often  to  take  the 
place  of  positive  knowledge.  Fortunately,  however,  the 
data  on  which  such  inferences  may  be  based  are  now  fairly 
well  estfthlislied,  thanks  more  especially  to  the  writings 
of  Herbert  Spencer* — whoBO  speculationa  on  this  BQbjVet 
i.ve  boon  to  sgme  extent  couflrnicd  by  the  recent  investi- 
'gfttiona  of  Romanes  and  Eimer. 

In  the  lower  forms  of  animul  life,  we  have  to  do  with 
a  body  Babstauce  composed,  aa  already  stated,  almost 
wholly  of  undifi'erentiatcd  protophism.  This  substance, 
if  not  *  sensitive '  in  the  strict  sense  of  the  term,  iB 
ighly  impreaHiblo — or  capable  of  receiving  a  stimuluB — 
'btkI  is  also  highly  contractile.  But  neitlier  the  impressi* 
hility  nor  tho  coutraclility  of  the  protoplasm  in  lower 
rms  of  animal  life  is  localized — both  properties  are,  so 
r  as  they  exist,  uniformly  possessed  by  all  parts  of  the 
"ganism.  In  some  of  the  larger  Ciihited  lufiisoria,  in 
regariniB,  and  in  the  hydroid  Polyps,  distinct  rudimen- 
ry  *  muscles  *  become  dilTerentiated,  and  sach  tissues  are, 
moreover,  now  known  to  exiat  in  many  other  orgauisma  iu 
which  no  traces  of  a  nervous  system  are  to  be  found* 
Muscular  tissne,  therefore,  makes  its  apprarance  before 
nervous  tissue,  and  it  becomes  developed  in  those  situa- 
kons  where  the  protoplasm  is  stimulated  to  undergo 
%'eqnBnt  contraction  a, 

It  is,  in  fuet»  one  of  the  most  fundamental  IrnLhs  in 
ology  that  the  performance  of  functions,  or,  in  oilier 

*  '^Priaciples  of  Psyeliology,'*  vol.  it,  p,  tiO. 


Of 


It 


jlitly  recorriuf^  contractions  in  any  one 
f  protoplasm  will  almost  certainly  lead  to  a 
;e  therein.  And,  farther,  we  are  warn 
^sing  that  such  structural  change  will  he  of 
l^the  occurrence  of  the  actions  hy  which  it 
produced'^-that  is,  that  the  modilied  protoplil 
jre  highly  contractile  than  the  original  pro! 
which  it  has  boen  produced. 
i  whati  it  may  be  asked,  is  tho  canse  of  these! 
iug  contractions,  the  occurrence  of  which  is  Ein| 
Bfttly  to  lead  to  the  production  of  muscular 
iction  so  invariahly  follows  npon  stimulatioi 
ly  safely  Bay  the  c-ause  in  question  cau  be  no 
the  incidcuce  of  certain  stimulations — and  n 
ihall  not  bo  very  far  wrong  if  we  suppose  thai 
[rom,  or  take  their  orijpn  in,  shocks  or  other  pi 
nona  upon  definite  thongh  related  parts  i 
surface  of  tho  organism.  Its  form  or  iti 
;ssion  by  cilia  may  lead  it  to  corns  into  fl 
jmal  objocta  most  frequently  hy  Gome  pari 
s  surface,  and  such  local  shocks  produce  wi 
movement,  wbit.'h  pasamt 
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ahape  of  the  part  strack,  or  owing  to  the  fact  that  an 
impresHitm  mflile  T3pon  one  region — saj  a  tentacle—ia 
usually  followed  pretty  quickly  by  a  eeooud  impression, 
made  by  the  Hame  moving  object  apon  another  siirfaco 
regiou,  that  an  impresaion  or  BLimulua  comes,  as  Herbert 
Spencer  pointa  out,  bnbitually  to  traverse  a  certain  path. 
Much  of  the  niolecukr  motion  consequent  upon  the  *etim- 
ulus'  is  drafted  along  this  path.  This  being  so,  the  stim* 
uliiB  necessarLIy  tends  to  excite  contractions  in  particular 
parts,  and  thus  leads  to  the  differentiation  of  the  pi'o- 
toplasm  of  such  parta  into  the  more  or  lews  definite 
Muscular  TiJisne  found  in  some  of  the  lowest  animal 
organisms. 

This,  however,  is  oot  all.  The  localisation  of  the  path 
of  th6  stimulus  leads  to  structural  reBiilta  of  another 
kind.  Whenever  external  impressions  produce  molecular 
movooicnU  which  travtjr^o  with  frequency  some  deiiuitd 
path,  the  transfercDce  of  such  movements  is  made  easier 
by  each  repetition,  and  there  is  a  tendency  to  the  initia- 
tion of  a  structural  change  along  this  path.  Just  as  the 
frequent  repetition  of  coutractions  in  certain  parts  of  the 
protoplasm  leads  to  the  production  of  distinct  muscular 
tissues,  so  the  frequent  passai^e  of  a  wave  of  molecular 
movement  along  a  definite  track  through  protoplasm  or 
through  juxtaposed  plastidos,  leads  to  the  differentiation 
of  the  protoplasm  thus  acted  upon*  At  first  the  actual 
etrnctunil  change  maybe  unrecognizable,  although  a  'line 
of  discharge  '  may  have  become  established  along  which 
impressions  are  habitually  transmitted  with  ease,  as  seems 
to  be  the  case  with  the  majority  of  Medustn.  Ultimately, 
however,  by  the  constant  repetition  of  such  a  process,  we 
Ehonld  hare  the  gradual  formation  of  an  actual  '  Ner^'o 
Fibre' — this  being  a  tissue  element  whose  special  use  and. 
duty  is  to  transmit  molecukt  movement,  and  which  may 


r«"r  contractions  qaicUrfr^^"'"'  * 

intisclea  is  not  j 
the  shortest  m 
^ir^t  route, 

^'^s    these  p« 
roore  or  less  ha 
tJiemseJres.  T| 
ingoing  ifnpressii 
run  nearly  parafl 
o'le    another  | 
central  situ 
ai3d  tb^Dce  they  i 
distribute*]  tomua 
various   pai^g  ^ 
bodj-^sotne  of 
^''^^  perhaps  no* 

^und  to  he  J  Jut  r  "'^^ 
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These  ]>oiiicB  nre  inteq^osed  bo  as  to  constitute  part  of  tli3 
tual  path  of  the  etimulus  wave,  and  accordingly,  they 
"J  be,  in  effect,  junctions  for  ingoiog  impressionB  or 
dividing  statiotia  for  out-going  impressions.  The  matter 
composing  them  seems  lo  be  endowed  with  extreme  mole- 
cular mohilitv.  It  is  owing  to  the  muttitadiuous  com- 
binationa  of  theao  bodies  with  one  anather,  and  with 
inf^oing  and  outgoing  fibres,  in  modes  which  will  be 
tchod  in  the  next  ohapter,  that  the  complex  work  of 
e  nervous  aj&tem  is  enabled  to  be  carried  on* 
Nerve  tissue^  in  the  lower  forms  of  animal  life,  is 
esBentially  Bubeervieiit  to  the  bringing  about  of  move* 
ruenta  in  more  nr  leas  immediatB  Teaponne  to  external 
shocks  or  other  localized  impressions,  or  of  movemenU 
Bnd  glandular  activity  as  a  result  of  impressions  upon 
internal  surfaces.  These  vanons  movements  gradually 
become  more  definitely  related  and  appropriate  as 
responses,  in  proportion  as  the  organism  becomes  better 
able  to  discriminate  the  diflerences  between  the  several 
kinds  of  impressions  made  upon  dill'er&ut  parts  of  itii 
Kurfiico. 

Even  amongst  Modusie  definite  responses  to  stimuli 
are  occasioually  met  with.  Thus  in  tho  hemiapherical 
Tiarop&is,  from  the  inside  of  which  hangs  a  long  funnel' 
like  body  or  polypits,  this  Btrncture,  as  Komnnes  says,  is 
found  to  be  capable  of  **  localizing  with  the  utmost  pre- 
'uion  any  point  of  stimulation  Bituated  in  the  bell.  For 
stance,  if  the  bell  be  pricked  with  a  needle  at  any 
int,  the  polypite  immediately  moves  ovei"  and  touches 
hat  point,  .  *  ,  If  immediately  afterwards  any  other 
part  of  the  bell  be  pricked,  the  polypite  moves  over  to 
that  part,  and  so  on/*  From  this  it  may  be  concluded 
"  that  all  parte  of  the  bell  mnst  be  pervaded  by  lines  of 
'scharge,  every  one  of  which  is  capable  of  conv&ying  a 


nided  with  a.  stinging  Apponta^ 
fiBr  tl^e  moath  of  the  acimAl.  GoDBeqiie3i| 
Ihiog  object  touches  the  belt — whetfaer 
or  a  ereatore  sernng  u  prej — it  mnst 
ranta^  to  the  Hit^asa  that  its  polvpite  ii 
rer  quiekly  to  the  right  spot,  in  ibe  one' 
kway  the  enemy,  fttiJ  in  the  other  to  <^p| 


iSa,  ID  all  proliQhililjp  the  dolicate  itnpressu 
I  bj  contact  of  the  sea-vat^r  with  the  sarfaeej 
(bin,  acting  through  the  itttermedi&tloD  of  th 
ganglia  near  the  edge  of  the  swimmiia 
tend  to  incite  its  apparently  *  spontai 
lents^  At  all  CTents,  when  these  little  bodi 
t<\  the  habitual  rhythmical  contractions  i 
ling-bell  cease^  and  a  single  stimulation  i 
of  the  hell  is  then  followed  by  a  single  coutl 
tnirast  between  the  behaviour  of  such  an  i 

whicii  is  uuLujared,  is  very  striking.! 
iply  the  kind  of  correlation  abore  typified,, 
aeen  thu.t  as  organismB,  or  their  descei 
in  tlieir  ability  to  diacrioiinate  diffej 
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thaD  is  anj  one  cause  of  impressioud  isoluted  from  others 
with  which  it  may  be  Bssociated  in  the  complei  web  of 
e^ctomal  occurrences.  Each  acquii-enient  serves  as  a 
stepping-stone  to  the  next,  and  eat-h  new  response  is 
njail©  easier  by  those  proviotisly  rendered  possible.  In 
this  vs&j  the  correspondence  between  the  organism  and 
tho  outside  world  gradually  becomes,  as  Herbert  Spencer 
baa  urged,  both  more  precise  and  more  complex.  By 
alow  degrees  a  more  and  more  harmonious  relationship 
between  the  two  is  brought  about,  tho  degree  of  complexity 
of  which  we  are  left  to  gauge,  principally  by  an  esti- 
mation of  the  character  of  the  movements  executed  in 
relation  to  the  stirauli  from  which  they  immediately  or 
remotely  prooeed.  We  have  at  first  to  do  with  mere 
simple  'reflex'  actions;  in  higher  forms  of  life  some  of 
these  actions  increase  so  much  in  complexity  as  to  become 
worthy  of  the  name  ^instinctive*;  whilst  in  still  higher 
orgauisms  we  have  what  are  called  '  inteUigent '  actions 
in  increasing  proportion,  though  always  intermixed  with 
mnllitndes  of  others  belonging  to  the  '  ioBtinctive  '  and 
to  the  'leflex'  categoriea. 


CHAPTER  n. 


TIIK    fiYf'.i.MI.'KK    OT   A  SXRVOCS  8TSTEH — VEKVS  VnOBS^ 
CKLLS,  AXD  OAXGUA. 

'f'liK  N<:f'voij4  SyhU;tQ  in  all  higher  animals  is  composed  of 
iKTvi:  fi\m:H  und  nerve  cells,  together  with  an  intermediate 
l/fihiH  Hiif;Ktuiiif<:  in  those  parts  where  the  latter  units  are 
|(iinri|mlly  <:Iii:-il(:r(.(l  to*^(.'thc'r.  The  whole  forms  a  con- 
hiMKfiiK  lihiiiKf,  viirioiisly  urriinged  and  distrihuted  throngli 
I  hi-  hmlii-H  of  aniiJuilH,  and  diflering  notuhly  in  its  de- 
vrIo|Mii(  ii!.  ill  nct'.onhiuc.i'  with  the  complexity  of  organiza- 
liuii  nf  tlin  rn-iiiuro  of  which  it  forms  part. 

Ill  iitl  iiiiiiiialM  a  certain  order  or  plan  is,  however, 
i'iM-ip|^)ii/.iiIilr  ill  llin  nH>d*f  of  arrangement  of  the  typical 
rliMiiciitH  iif  the  iK-rvoiiK  HyHtt.-iu.  Thus,  without  exception, 
Mil  Hud  iii'Miiii^.^  iiervt'-filti'eH  proeerding  from  sense  organs, 
(ii  I'miu  iithcr  HiMihitivr  parts, to  groups  of  nerve  cells  more 
oi  ItMtii  iu^A^t  eouiu'ctod  with  one  another  in  some  '  nerve 
iM'Uhe,'  'I'lu  MO  ivllri  are.  in  their  turn,  connected  with 
nuMtihM'  het  of  inti'r-ri»l«trd  nervo  erlls,  situated  either 
olo'.e  lo  ov  at  u  distaure  from  the  first;  and  from  this 
his'oud  f;roui»  i>t'  oells  a  set  of  outgoing  nerve  fibres  pro- 
oeed.  \\\\\A\  aro  tlistrihuled  to  musrles  or  to  glands  in 
xauou**  parts  of  the  Invly.  Nervo  elomonts  so  arrauijod 
%vn'*ltluto  Iho  fuuk'tiourtl  units  of  a  nervous  system.  This 
U  khul  of  n\^vh«uism  by  nwans  of  which  *  reflex 
IMl«%m«*       l^nm^bl  »b*>ut ;        these  form  the  ground- 
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"Work  of  all  siniplo  mtxlea  of  nei-voiis  Hctlrity.    ]iy  an 

Iiniletitiil'G  xuultiplicutioa  of  siicli  combinatiouB  of  nerve 
uits,  variousL;  arranged,  stimuli  or  impressions  (repre- 
■ented  by  molecular  luoveraents)  ure  conducted  from  the 
iarious  BCUHitivc  surfaces  or  parts  of  the  body  to  related 
pervo  centreB,  and  nro  thence  reflected  so  as  to  rouse  the 
activity  of  related  muscles  or  f^lands, 
h.  The  groups  of  nerve  cells  above  referred  to,  together  with 
^B^me  portions  of  their  related  fibres,  are  usUfilJy  ftggre- 
^gnted  HO  as  to  form  distinct  and  separate  nodules  known 
'  gfttiglift**    Those  in  connection  with  ingoing  (or  affe- 


rent)  fibres  are  commonly  spoken  of  ns  *  sensory  gan- 
glia/ whilst  those  which  lie  at  the  roots  of  outgoing  (or 
efferent)  nerves  are  known  as  *  motor  ganglia/ 

Two  or  mors  Bensory  ganglia,  or  two  or  more  motor 
ganglia,  may  grow  together  into  a  single  mnnn ;  or  what  is 
equally  comnion,  a  sensory  and  its  corresponding  motor 
ganglion,  or  two  or  more  pairs  of  those,  may  fuse  into  a 
Mingle  larger  nodak,  which  may  be  called  a  *  nerve  centre.' 
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The  i&na  gftnglion  is,  boireTerr  oommoalj  applied  to 
any  roiuid  or  oToid  nodale  coDUimng  nerve  eells,  whAlerer 
iU  size  or  degree  of  istemal  eomplexity.  Many  gsD^im 
io  lower  ftnioQals,  which  are  trpicully  deeening  of  Uie 
name  aa  regards  mere  form  and  aeparateneaa,  are  also, 
hj  reason  of  iheir  compooDd  nature,  trae  nerre  centres. 
The  two  terms  are,  therefore^  to  a  considerable  exteat. 
iutercbangeable.  < 

Fusions  of  ganglia  may  occur  during  the  development  of 
some  animals,  especially  if  they  pass  thraa^^h  distinct 
phases  of  existence,  as  with  Insects  (figs.  39-41)«  Similar 
changes  are  also  presumed,  by  believers  in  the  doctrine  of 
eroiatioDr  to  occur  daring  the  development  of  the  race,  since 
\u  many  highly  organized  animals  we  may  ^d  a  large 
eoropouud  gan/^lion  in  the  place  of,  and  doing  such  work 
a«  falls  to,  two  or  more  smaller  separate  ganglia  in  simpler 
tnembera  of  the  same  class  of  animals^ — for  example,  in 
different  forma  of  Crostacea  (figs*  3^36).  This  kind  of 
fusioo  or  coalescence  of  primitive  ganglia  attains  its  maxi- 
toum  in  the  brain  and  sptnal  cord  of  vertebrate  animals. 

From  their  nukcd'eye  appearances  nerve  tissues  are  com^ 
monly  divided  into  '  grey  '  and  '  white  *  matter.  The  grey 
matter  of  the  nervous  system  is,  for  the  most  part»  gan- 
glionic tisHue^  in  which  nerve  cells  are  more  or  less  thickly 
e\uHUw],  The  white  matter^  on  the  other  hand,  such  as 
we  And  in  tlie  braiu  and  spinal  cord,  is  composed  of  an 
aggregate  of  mn'o  fibres.  These  tLssuea  are  of  a  soft 
paltaoeous  or  semifiuid  consistence,  aud  are  composed,  in 
the  muin,  of  wator,  of  phosphoretted  fats,  and  of  protein 
compounds.  The  amount  of  water  varies  from  75  to  85 
per  cent.  It  is  more  abandant  in  the  grey  than  in  the 
white  matter ;  moTG  abundant  in  lower  than  in  higher 
Auiraals;  and  it  hkewise  forms  a  larger  proportion  of  tho 
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nerve  tissues  of  younger  nnimalg  tban  of  thof?©  in  whom 
e  nerve  centres  are  more  fully  elftboraled,  TLe  chemical 
mpounds,  entering^  into  the  constitution  of  nervQ  tissues, 
are  also  extremely  complex  and  very  unatalile.  Time,  both 
from  their  physical  and  ebemioal  compositionjit  is  thought 
that  waves  of  molecular  luovetaent  are  eaeily  iuitiated  m 
and  easily  propBgated  through  nerve  cells  and  fibreH, 
Whether  these  molecular  'waves*  or  *  currents '  iu  nerve 
tissue  are  brought  about  by  virtue  of  mere  isomeric 
changes  or  by  actual  decompositions  occurring  in  their 
substance  is,  for  the  present,  extremely  doubtful/ 

Our  knowledge  of  the  exact  arrangement  of  the  ana- 
tomical pleracnts  of  nervous  tissues,  as  well  as  of  their 
modes  of  developniGnt,  is  as  yet  merely  in  its  infancy.  We 
have  much  to  leam  concerning  the  actual  relation  of 
fibres  and  cells,  and  their  different  modes  of  continuity; 
^ur  knowledge  of  the  structural  relatione  existing  between 
erent  centres  in  higher  animals  is  most  incomplete; 
and^  concemiug  the  various  kinds  of  peripheral  nerve  end- 
ings, much  doubt  and  uncertainty  also  prevail.  The  mora 
difficultquefltions  touching  nerve  evolution  and  development 
Are  proportionately  further  from  their  ultimate  solution. 

But,  whatever  the  precise  mode  in  which  the  nerve 
cell  ia  originally  evolved  in  the  race,  or  developed  in  the 
embryo  of  any  particular  animal,  it  is  perfectly  certain 
that  many  of  these  bodies  are  subsequently  found  in 
ganic  continuity  with  nerve  fibres  and  with  one  another; 
so  that  (whatever  other  function  Ihey  may  fulfil)  nerve 
cells  would  seem  to  "form  meetiuj^-points  or  termini, 
in  whieh  diiferent  nerve  currents  arriving  at  and  passing 
rough  clusters  of  such  bodies,  may  be  brought  into 
ation  with  one  another^  and  whence  they  are  cei'tainly 
pable  of  being  diverted  into  new  directions. 

•  Rpeticer,  "  PriacipleB  of  Psycbglogy,"  vol.  i.  p,  20. 
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Without  euteiiug  upou  uny  discu&sion  a3  to  tlie  differ- 
ences existing  between  the  nerve  elements  of  higUor  and  of 
lower  aoimals,  and  dwellinf^  bitt  briefly  upon  the  many 
difTerences  of  opinion  which  exist  in  regard  to  the  acttuii 
Btructare  aud  rchiliuDs  of  the^o  elcnicutSj  an  endeayonr 
will  be  ma<le  to  give  the  reader  aonio  notions  concerning 
their  most  pi\)bable  arraugemoiit — auch  notions  as 
may  enable  him  to  comprehend  the  descriptions  given  in 
Bucceediug  chapters  of  the  ditfyrent  forms  of  the  nervous 
system,  as  well  as  of  the  nature  and  mode  of  compositioii 
of  that  portion  of  it  known  as  the  *  brain  *,  iu  virions  ordera 
of  aniruala  till  we  come  to  nn^n  himself.  In  this  way 
it  will  bo  poBsible  for  the  rciuler  who  l>estows  an  adequate 
amount  of  attention,  to  obtjiin  a  good  inm^ht  na  to  thd 
nature  of  8ome  of  the  most  definite  and  bebt-f^ronnded 
notionfii  which  are  at  present  either  actually'  held  or 
warrantable,  concerniuf^  the  structare  and  fnnrtiona  of 
the  'Brain  as  an  Organ  of  Mind*' 


Nerve  Fibres,— At  their  commencement  near  the 
interiiiLl  and  exterual  gurfucea  of  the  body,  and  also  near 
tlieir  eudiii^a  in  mnpclcs  and  gliinds,  nen'ea  are  repre- 
Bonted  by  extreiut'ly  fine,  almost  trnnsparont  *  fibrila'  from 
^Q^j(juth  to  TcRTooo^^  '^^^       diameter.  These 

fibrils  freely  interlace  with  one  another,  so  as  to  form 
minute  loops  and  plesiiBee,  and,  within  short  distances, 
often  vary  considerably  in  diameter  (L.  Beale), 
Mnch  might  be  written  were  we  to  attempt  to  discuaa 
the  rariotis  modes  in  which  the  fibnls  commence  or  termi 
nate,  aod  their  precise  relation  to  other  tissue  elements 
Tarioua  parts  of  the  body  ;  but^  in  spite  of  the  greai 
interest  utlaching;  to  these  questions,  they  cannot 
entered  upon  in  this  work.  A  alight  reference  to  the 
eubject  is,  however,  made  (p.  07)  in  the  next  chapter 
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The  ultimate  buudJtid  of  L-lomeutary  '  fibrils  *  are 
gradually  aggregated  iuUi  lurger  bundles,  or  '  fibres/  as 
tliej  reecde  from  tlieir  seats  of  origiu  or  t^rmmabioii  aud 
approach  the  nerve  ceutrea  with  wliit'h  they  are  m  com- 
CQanicAtioUi  ThcBii)  smaller  buiidloB  soon  become  eiiye* 
loped  in  a  very  delicate  membranous  sheath  (Schwann), 
whilfft  the  component  fibrils  fuse  more  or  less  completely, 
BO  thut  the  fibro  appeiira  eilhor 
structurolesB  ^lig;.  3)»  or  merely 
ehowB  signs  of  tibrilhilion*  A  little 
further  on  theso  still  smull  fibres 
become  enveloped  by  a  layer  nf 
white  eenii-fliiid  '  medtillary  sab- 
stiinee/  which  lies  htiueatU  tho 
membranous  sheath  of  Schwann, 
and  forms  a  white  border  to  the 
nerre  as  it  is  seen  on  micro- 
Bcopical  examination.  Thus  a 
dark  htirdcmU  whtft*,  or  mrdid- 
laU'd  nerve  fibre  is  formed* 

Such  dark-bord(?red  fibres  are 
at  first  very  slender ;  but  by  co- 
alescence with  others  of  the  same 
kind  larger  fibres  are  produced 
(fiff.  4),  varj^ng  in  man  from  TTraouth  to  jtfoo*!^  of  an 
inch  in  diameter.  The  central  portion  of  such  a  nen'e 
fibre,  vis!.,  that  lying  within  the  white  medullary  sheath^ 
is  its  most  important  constitueut ;  it  is  almost  translucent, 
and  is  known  as  the  a.rts  html  or  aa:is  ct/iimhr.  lu 
the  perfectly  fresh  state  it  shows  faint  traces  of  fibril- 
lation, but  unless  extimiucd  with  care  it  may  appear 
structureless,  and  yield  no  evidence  to  the  microscopic 
observer  as  to  its  compound  nature*  Under  the  influence 
of  slight  traction,  or  by  imbibition  of  water,  these  medul- 


Fm.  3.— Human  Nerve  Fihrw 
of  dUTcrenc  (KifLUkoirX 

■t,  tt,  n,  HcnJtIi;  Bbrm.  tbo 
UrRcMt  o{  which  Im  *  (Inrk-hor- 

dorifi/   6,  i.  Fibres  altiJircci  by 
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latetl  uerve  fibres  speedily  iiuiiergo  cliftn^re.    They  (hen  not 


FiOi  Sm&U  Brunch  of  a.  UuKvlsr  tf&i/v  of  tho  Fn^,  hcat  jU  TornilnaCi^xn, 
■faoMrlngdlvUiooaof  the  Fllirci.  ]iB^U]iQd  dUmcUra  <KaUik.ur).  a,  intn  two; 
b.  Into  tbroft. 


principally  owing  to  cbauges  in  Xha  wliit€  medullary 
sheath  (fig.  3,  h,  b). 

The  use  of  this  while  investing  substance  is  not  known. 
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It  ia  abaeDi  from  tbe  periphera]  oxtremities  of  the  nerTes, 
and  it  ia  absent  also  from  their  ccutral  oxtrcmities,  at  the 
points  wLero  the  fibres  approucb  or  dt^part  from  the  nerve 
cells.  Both  it  and  tlie  rueiubmiious  investing  sheuth  have 
"been  of  late  ascertaiiietl  to  be  rei^'Taliirly  interrupted  at 
conjparfttively  sbort  diBtanceB,  so  that  such  nerve  fibres 
bflve  the  appearance  of  being  constricted  in  these  sttna* 
tiona  (Ranvier), 

Nearly  all  visceral  neiTes,  as  well  as  the  fibres  of  the 
olfactory  and  mm^  others,  do  not  posseBS  this  medullary 
eheatb,  to  which  the  dead  wlitte  colour  of  the  great  ma- 
jority of  nerve  fibres  is  duo.  They  are,  therefore,  semi- 
traiif^liicent  or  grey 
in  tint,  and  are 
comraoiily  known  as 
the  p(df^  gelathtous 
or  non-mcihtlltiti'ii 
fibreB(fig.  5).  Their 
average  thickness  is 
about  ^Q-^ygtli  ofnn 
inch  ;  and  they  dif' 
fer  from  the  dark 
bordered  fibres  prin- 
cipally in  the  iib- 

K^^nrflfif  thpmpdnl-  ^--Gelat'nfffia  Nerro  FIUtm  from  tbo  Calf 

E>CU«-V  Ul  LUt.  ulciiui  jp^^i^j  Ma^jtllfiffll  about  400  dWotp™  A,  Ribra 
lary  aheath.     They  ■buwUiK  its  {^netltuatit  llbrUlna         <*.       Nuclei  lu 

present  a  distinct 

appearance  of  fibrillation,  are  surrounded  by  a  delicate 
menibranous  eovelope,  and  the  larger  fibres  are  similarly 
formed  by  the  tuutiing  together  of  fibrils  and  smaller 
fibres. 

Nerve  fibres  thus  compoanded,  both  dark  bordered  and 
pale,  similarly  tend  to  ag-gtegate  into  cords  or  bundles  of 
different  sizes,  the  fibres  of  which  run  parallel  to  one 
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■aodiCT,  and  m  inTca^fid  hf  m  fkallu  ncM  agiiii,  in 
Iheir  eoorve  tovards  the  oialiiv  Mfled  nto  lupr  tnd 
lai||er  bandies,  tfae  difavBt  oleiQail*  of  wfaidi  m  M 
hamd  togrther  into  ooe  white  Utmk  or  *  uerre  *  <6g.  6), 
bj  mmam  of  ■  firm  emneetm  tame  eiiTriope,  which 
•eodi  tlniiD^r  inTestixig  ptotoigiliOM  in  amoDgifc  the 

Th^rse  'Derres'  of  vmHous  sues  freqjueittiy  contain 
within  the  same  bundle  bo&h  ingning  and  oalgoing  fibres, 
aDd  are  then  known  as  '  mised  nerros  *.  Others  contain 
only  'aensorT%  or  onlr  ^  motor'  fibres.  In  their  course 
natY«8  often  communicate  freely  one  with  another  by 


meaaii  of  l)ranche«.  Hnch  cammuaicHtm^  branches  are 
•tpeeiiill}'  iitiiiioroas  in  the  course  of  the  visceral  nerves, 
an<1,  v>hm  many  oc^ur  &man|;st  some  partictiltir  set  of 
cord(», wliiit  is  t<?rmetla  'plexus*  is  formed  (fig.  7).  In  these 
plotiiHOH  the  individual  nei-vo  fibres  do  not  undergo 
divtHion.  S^tnie  of  tliem  merely  leave  one  bundle  or  cord 
tiiid  iniNH  to  wnotlitir,  wit-b  the  fibres  of  wbicb  they  are 
ultiujiiU'Iy  diHtributod,  either  to  luuscleH  or  to  uerve 

Tlif  Kiuiillor  infda]]ij.ted  nerve  fibres  unite,  ho  far  as  w© 
kji()w»  injly  nonr  tbeir  commencements,  and  the  larger 
motor  librt'M  only  undiTno  bifurcation  near  their  termiua* 
lionM  in  niiif*rb*H  or  fflaudB  (ft<|.  4),  The  fibrils  or  ele- 
iiii'iiturv  LMmKtiLnetitH  of  tbt*  fibres  probably  do  not  Uivido 
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at  all.  Tbt^y  are  to  l.»e  rej^;ariletl  as  single  channels  (liDwever 
devious  ibeir  course  imiy  be),  alon^  each  of  which  separate 
atiuiulua-wavea  are  capable  of  being  trunsniiUed.   We  can 


Fin.  T.-^TliO  dsevitsA  FWxiia,  iMiinpnatld  fay  lutcrlofrclnents  uf  ihe  Inat  fntir  cervktt 
<  1 ,  3,  3,  4)  JUld  Uj«  dmt  clorsul  Ufsrve*  (,'p).    The  varfnim  brfittt^bcft  an  dlbtrlbuted 

Bpeak  here  only  of  probability,  as  this  is  a  Hubjoot  neces- 
sarily beyond  the  reach  of  actual  observation, 

f 

Nerve  Cells  vary  raucb  in  sisse  and  shape — the  smalleBt 
WiiJg  about  -gtTin^*^^'  '^^'tiilst  the  larger  may  be  3-Juth  of 
an  inch  or  more  in  diameter.  They  are  more  or  less 
granular  bodies,  each  of  which  contains  a  large  nucleuB, 
and  within  this  an  uuusually  distinct  'nncleolna'  (figs. 
1  and  8),  Near  the  nuek'us  a  heap  of  yellowish  or 
orange  coloured  pigment  granules  may  often  be  seen.  The 
nnbstance  of  the  cell  is  continued  into  two  or  many  *  pro- 
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cesses,*  wbicli  are  either  much  branch&d  {fig.  1*2) 
(ramifying  processes)  or  simple.  It  is  by  meaus  of  Ihene 
difTcrent  kiods  of  proceBses  that  iiGrxe  ce]!^  are  ninled 
to  the  ceutral  oxtromitiea  of  the  nerve  fihrcs  and  to  one 
another.  It  is  'worthy  of  note  that  the  substance,  both  of 
the  nerve  cell  and  of  its  processes^  when  examined  under 
liigh  inagnif}'iug  powers  can  often  be  seen  to  be  dis- 
tinctly fibrillated  in  the  same  manner  as  the  *  axis  band  ' 
of  a  nerve  fibre,  with  which,  or  with  the  ramificationa  of 
which,  some  o'  these  processes  are  continuous. 

If  the  fibrillations  of  the  axis  band,  and  of  the  nen*e 
process  into  which  it  may  be  continued,  eorrospond  with 
fiinctionaUy  if  not  structurally  distinct  fibrils — that  ia,  with 
separate  patlia  for  stimaliifl  waves — ao,  in  all  probahility, 
the  fibrillations  of  the  nerve  cells  will  indicate  as  many 
distinct  paths  of  BtimnhiH  waves  thrnn/^h  them  in  different 
directions.  The  appearances  presented  by  the  cells  are 
quite  consistent  with  this  view  {fi^.  8).  Fihrillationa,  for 
instance,  can  be  seen  passinpf  from  one  nerve  process 
in  a  carved  direction  throug^h  tlie  body  of  the  cell  and  into 
another  process  ;  whilst  others  in  the  same  process  can  be 
fidlowfd  through  the  cell  in  quite  different  directions. 
There  ia  no  difficulty  in  supposing  that  many  nerve  currenta 
may  pass  through  one  of  these  compautid  nerve  filires, 
just  aa  many  electric  currents  might  pass  simultaneously 
through  a  single  telegmpbic  or  telephonic  wire. 

These  fibrillations  of  the  nerve  cell  are  probubly  sequen-' 
tial  to,  and  gradually  differontiated  in  the  courso  of,  its 
functional  activity.  It  ia  not  unreasonable  to  expect  that 
there  would  he  a  gradual  marking  out  of  the  paths  of 
babittjfti  nerve  currents,  through  the  previously  struefnre- 
less  though  slightly  granular  substance  of  the  nerve  cell, 
during  their  passage  from  fibre  to  cell  and  from  one  of 
thtide  bodies  to  another* 
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111  accordance  with  tliia  view,  we  sboulcl  not  e^^poct  to 
liudin  the  majont.y  of  gangltou  cells  termmations  or  ariglna 
ol  such  filrils — whether  in  the  nucleas  or  free  in  the  body 
of  the  cell.  If  the  fibrillations  are  the  Btructaral  correla- 
tives of  nerve  currents,  they  should  be  generally  as  con- 
tinuous and  unbroken  as  the  latter,  and  just  a^'^evionSy 
winding  and  irregular  in  their  path. 

We  should  scarcely  look  for  freo  ends  or  beginnings  to 
Buch  fibrils  elsewhere  than  at  the  periphery.  And  if  the 
Bemblancc  of  free  ends  jire  ever  recognizable  within  tho 
body  of  the  cell,  it  will  probably  be  in  young  cells  in 
which  the  functional  (and  therefore  the  structural)  carrent 
lines  have  not  yet  been  aufficiently  developed  by  constant 
repetitions.  Much  obscurity,  however,  still  reigns  in 
rcgaril  to  all  these  matters.  We  do  not,  indeed,  know 
definitely  how  far  this  kind  of  fibrillation  of  the  nerve  cells 
is  general  J  and  whether  there  may  not  be  whole  groups 
of  them  iu  which  no  such  arrangement  eidsts.  It  is  quita 
conceivable  that  in  Bome  nerve  centres,  where  *  spon- 
taneity* of  action  appears  to  prevail  (or,  in  other  words, 
whence  wideRpread  and  sudden  irradiations  of  motor 
stimuli  may  emanate  on  slight  provocation)^  we  might 
have  a  diffcreut  kind  of  action  altogether*  The  nerve 
cells  of  such  centres  may  approach  nearer  to  H,  Spencer's 
ideal,  and  be  tiue  Mibcro*motor '  elements. 


The  Neuroglia,  or  intermediate  substance^  e:ciBh 
most  tibandautly  io  the  larger  nerve  centres,  such  as  tl 
Brain  and  Spinal  Cord.  It  has  beeu  most  commonll 
regarded  as  a  comparatively  insigniticaut  connective  tissni 
though  some  few  physiologists  have  always  been  willing 
ond  even  aoxious,  that  it  should  be  credited  with  high* 
developmental  and  functional  capacities. 

It  13  composed  in  part  of  minute  corpuscles  or  cGlIfl- 
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united  to  one  aiiother  by  means  of  a  network  of  slender 
ramifying  fibrils  (fig.  0),  and  in  part  of  an  interspersed  homo- 
geneous  or  simply  grunular  hash  substauce.  It  baa  hctn 
long  known  to  contain  some  small 
lirancbed  corpnscleSj  almoet  ludis- 
tiiJguiKliuliIe  fiom  young  nervo 
cells ;  and  of  late  tlie  tnncli 
branched  processes  of  many  fully 
developed  nerve  cells  bave  alan 
been  thought  to  have  a  etructnral 
continuity  ivith  this  minute  net- 
work of  the  neuro^^lia.  If  these 
onscrvations  are  correct,  portions  jroni  tbt  spin*i  torn, 
oi  the  intermediate  substance^  '"'^.'^  "^"^  *r"'  ^^V*, 
■would  often  constitute  part  of  the  uit  at  two  piAwi  rtu»  Umei 

.  11  .     form  idt&Hicemflnt* nro  abowii, 

ciTCmts  traversed  by  nervo  currents  (Koiukw,)  ua^in^^A  jea  dm 

in    their   passage    through  the 

centres. 

ThiB  intermediate  tissue  is,  in  short,  the  pmbable  matrix 
wherein  and  from  which  new  nerve  fibres  and  new  nerve 
cells  aro  evolved  in  animals,  of  w  hatsoever  kind  or  degree  of 
orc*B nidation,  during  their  advance  in  reflex,  in  instinctive, 
or  in  intellectual  acqniremeuta*  Some  such  prucess  muBt 
take  place,  jwirtj)ii«sri  with  tlic  acquisition  of  new  know- 
ledge and  powers,  of  all  kinda  and  howsoever  acquired : 
whether  it  comes,  as  in  lower  animals,  from  mere  intercourse 
with  natural  phenomena ;  or,  as  amongst  ourselves,  from 
fiimilur  means,  eupplemeiited  by  individual  applicatiou  ia 
the  mastery  of  educational  or  professional  pursuits  and  of 
all  kinds  of  handiwork ;  or  whether  the  new  luiowledge  and 
powers  come  to  us  as  a  result  of  that  mov&  general  edu- 
cation or  '  experience  ^  which  ia  gained  by  daily  intercourse 
with  the  plcaHUrcs,  troubles,  turmoilH,  and  exertions  in- 
separable frum  social  life.   The  acquirement  of  new  powers 
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or  ftccomplishmeiits  must  correspond  eithiir  with  mora 
or  less  aitei'fltion  of  old,  or  with  tbe  development  of 
new  Btructures,  in  one  or  more  of  the  various  Dei 
centres. 


The  Structural  Relationa  of  Nerva  Cella  with  Herva 
Fibres,  and  with  one  aitother. 


Nerve  ceils  are  supposed  to  commuDicate  with  nerre 
fihrfB  Had  witb  one  anotlier  iu  the  following  modes: — 

1,  The  ncr\'e  cell  occui-s  afl  a  round  or  elongated  swell- 
ing in  the  course  of  a  nei've  fibre,  as  may  be  seen  in  figs, 
10  and  11. 

Here  an  undivided  nerve  fibre  swells  more  or  less  abruptly 
into  the  nerve  cell,  and  similarly  emer^'ua  therefrom,  so 
that  the  cell  in  this  case  is  only  a  nucleated  expansion 
the  fibre.  The  fibrils  of  the  axis  bund  may  be  seen  pass- 
ing through  the  cell  in  a  divergent  and  re-convergeiit 
fashion,  having  the  finely  granular  basis  substance  of  the 
cell  between  them.  The  sheath  of  the  fibre,  though 
usually  not  the  medullary  Bubi;tauce  (fig.  10),  also  pai 
over  the  cell. 

A  point  which  will  bo  found  more  doubtful  in  other  cj 
is  most  diBtuictly  illustrated  here:  viz.,  that  a  strno* 
tural  continuity  exists  between  the  substance  of  the  c( 
and  that  of  the  nerve  fibre.  There  is  no  distinct  line  of 
demarcation  between  the  two.  But,  bo  far  as  we  know  at 
present,  this  particular  relation  of  fibre  ^nd  eelj  exists 
principally  in  gungUa  pecnHar  to  the  ingoing  nerres  and 
situated  near  the  great  centres  to  which  tltese  are  attached. 
There  is,  it  is  trne»  some  reason  for  believing  that  a 
similar  relationship  may  exist  in  some  of  the  ganglia  on 
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Wta  10>— Thrw  bipolar  G:ing]lou  LoU«  from  the  flJth  uervo  of  the  nice  (8tr|c1ceT 
&Ft«r  DtdLler). 

Fici,  II. — ThrM  liipol^  Ganglion  Cells  fmm  tha  Audltoty  nervo  tbe  Pikt :  O, 
eikltnilf  eiicloflod  wjUdn  the  Tnedullaiy  ahskth ;  &,  mtinly,  and  e.  parLUily,  nxprndt 
Lu  kIiow  tluit  tbcao  gungUuu  liclla  am  ouiy  oxpaurioDa  of  tbo  axu  bund. 


the  visceral  nerves,  and  that  somefcbiug  like  it  also  exists, 
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though  on  a  much  smaller  scale,  in  the  courEo  of  ultimate 
perjpherfti  nerve  fibres  (Beale). 

2*  The  ingoing  nene  fibre,  on  Bubsequontly  reaching  its 
centre^  divides  into  its  elemcntury  fibrils,  and  these  become 
atructurally  continuous  with  a  fine  net^rork  of  librih  (Ger- 
lach)  forming  the  roatleta 
of  ramifying  nerve  pro- 
cesses belonging  to  one 
or  more  conliguoaa  nerve 
cells  (fig.  12). 

This  kind  of  eonnet:- 
tion  ia  thought  to  exist 
not  only  in  the  spinal 
cord ,  but  also  in  the 
superficial  grey  matter 
of  the  braiu  (both  cere- 
bram  anc]  cerebellum)} 
though  it  is  by  no 
means  certain  whether 
the  fibres  which  unites 
with  the  cells  iu  tliis 
fashion  iu  the  latter  or- 
gans constitute  ingoing 
or  outgoing  channels. 

It  is  into  such  a  union 
as  this  that  the  fibrils 
and  coi-pusoles  of  the 
'  neuroglia  *  (fig.  9) 
Heem  lo   eniei,     uor-  ^^^^^  ^^^iwtter  of  spinni  cord  df  ok,  «*, 

tainiy  its   network   can-  cyUq-lcr  i»n>quw;  ii,  Imm^hod  proceatoi, 

not  be  aistinguisbea  or 

clearly  separated,  in  many  nerrc  centres,  from  that  formed 
by  the  ultiinato  nerve  fibrils  and  the  branchlets  of  ramify- 
ing cell  processes* 
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S,  In  other  nerve  cellst  furnished  with  many  ramifyiug 
processes,  oue  long  simple  process  maybe  seen  (tiga.  13^  (tj 
14),  ivhich  is  occaBionally  traceflble  into  direct  contiiiuity 
with  the  entire  axis  cylinder  of  ft  nerve  fibre  (Deiters), 
This  mode  of  union  in  now  generally  admitted  to  exist,  and 
it  ia  not  improbable  that  nerves  so  arising  are,  usually  at 
least,  outgoing  fibres.  Whilst  this  view  cannot  be  defi- 
nitely veriticd,  it  is  a  fact  that  such  processes  have  been 
found  piincipaily  in  the  epinal  cord  in  connection  with, 
ilio  nervo  cells  of  tho  anterior,  or  motor,  regions  of  its 
grey  matter. 

There  is  thus  some  gi*oaud  for  believing  that  ingoing 
fibres,  in  the  majority  of  cases,  swell  in  the  posterior  spinal 
f^an;^dia  and  their  analogues  into  nerve  cells  (fig-  10) ; 
that  within  the  larfrer  nerve  centres  these  fibresp  which 
convey  in^oini^  cnrreuta,  break  up  into  a  pencil  of  ultimate 
fibrils,  and  tbat  these  ultimate  fibrils  may  be  partly  in 
s^rnctiiral  continuity  with  the  neuroglia^  and  partly  with 
the  radicles  of  a  much  branched  nerve  process  (fig,  12), 
Ihe  divisions  of  which  unite  (like  the  radicles  of  a  vein), 
till  thoy  are  gathered  into  one  or  more  branches  directly 
cmilinuoiis  with  the  gubstance  of  the  nerve  cell.  Such 
arrangements  may  suffice  to  break  the  force  of  Ingoing  Cur- 
rontB  as  they  impinge  upon  highly  excitable  centres;  or 
their  diffusion  therein  may  thus  be  facilitatcdj  and  as  a  coa- 
scquence  they  may  be  enabled  to  come  into  relation  with  tho 
ultimate  ramifications  of  processes  pertaining  to  several  cells. 

On  the  other  hand,  there  is  prround  for  believing  that 
Outgoing  Currents  leave  the  cells  of  the  spinal  motor 
centres  by  undivided  processes,  which  are  directly  con- 
tinuous with  tbe-axis-bands  of  dark  bordered  nerve  fibres. 

Should  these  suppositions  be  correct  as  to  the  mode 
in  which  currents  impinge  upon  the  senaory  side,  and 
flubsoquently  issue  from  the  motor  side  of  a  nerve  centre, 


A  NERVOUS  SISTRM* 


45 


then,  in  order  to  complete  our  mental  survey  of  the  path 
of  a  Btiiouhia  wave  tUroufrh  such  a  nervous  arc  ns  is  called 
itilo  plrtj  in  one  of  the  higher  animaJs  diiriug  the  perform- 
ance of  a  *refleic  ac- 
tion/ it  only  remaios 
to  consider  the  modes 
of  connection  exist- 
ing hetwoen  the 
several  cells  of 
aensorj  gronpis  and 
of  motor  groups, 
to^ethiir  with  tlie 
kindsj  of  communica- 
tion existing  between 
th^se  two  ordiipf?  of 
nerve  units. 

4.  Betw(*(?u  the 
contiguous  cells  of  a 
motor  and  perhapa 
also  of  a  HGusory 
group,  union  ia 
hronght    about  in 

some  cases  by  moans 

,       *    ,      ,       Fin.  H.— Motor  Keiro  Oella  connoct*d  by  Intw- 
01     a     short     Bimpie  cclIitlAriiroceBHa  (A.  h),  imd  elTing  origin  to  oiitgii- 


intemlhilar  process,  j'^         ^' H^iupoiiir  ceii  cn^uui- 
Buch  as  we  see  repre-  (V^wlj 
sented  in  figs.  1  and 

14,  But  whether  this  is  the  most  fiequent  means  of  union, 
or  whether,  in  the  majority  of  cases,  especially  amongst 
sensory  groups*  it  is  not  rather  by  the  iuoscalation  of  the 
TOoUets  of  ramifj'iDg  processes  (with  the  possible  inlerme- 
diation  of  the  neuroglia)  we  cannot  at  present  say.  Thero 
is  reason  to  believe  that  both  modes  of  union  may  exist. 
6.  The  cells  of  a  sensory  group  are  united  with  the 
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cells  of  a  motor  group  by  one  or  otiier  of  these  modes — 
tliough  in  regard  to  this  point  we  have  even  less  certuiu 
knowledge  than  concerning  tlie  lflst<  Of  tlie  eMstenco 
of  sucb  connecting  or  '  comraisanral  *  fibres— which  are 
eitLer  short  or  long  according'  to  the  proximity  or  re- 
moteness of  the  two  groups  uf 
cell s — -there  can  be  no  do abt* 
Uncertainty  exists,  however,  with 
regard  to  the  precise  mode  of  their 
connection  with  the  sensory  nervo 
cellti  on  the  one  side  and  the 
motor  on  the  other — whether  at 
either  extremity  they  are  continu- 
y  Xi^HP^^^^ar/  undivided  cell-processes, 

\    v9l^^^^r/  break  up  and  inosculate  ^^'ith 

1  ^DhBf  y        raraif\ing  cell-processea, 
\i    ^5fft  7  More  room  for  doubt,  therefore, 

W^^Vff  /     //  ^^^^^       regard  to  the  precise 
li^TR^  /      //  modes  in  whieh  stimulus  wares 
\J^TjBk  1      /  f    traverse  nerve  centres,  than  con- 
S  J I    cerning  the  manner  in  which  they 

100  J  a  impinge  npon  or  depart  there- 
V^Ef  fromp 

[S^^^^  6.  In  the  '  sympathetic '  or  tib* 

K  ceral  ganglia  of  the  Frog  and  other 

animals  another  kind  of  relation 
fg  between  fibres  and  cells  has  been 

»  shouTi  to  e^j«t  (Lionel  Beale). 

Fto.  iA.^'Bynit»ih«tic*        Thc  colls  are  pear -shaped  ttud  ths 

K]loay»ll  of  «  Frog,  ^nrj?  lif^tily  ^  ^ 

isNffnifled ;  According  uj  B«kie,  Qarrow  e^^tremity  01  cach  of  them 

ooiMflbit;:  r,  ■iii*iier rtia joiniiif  in  tum  becomes  continuous  with 
it  i^juato.)  ^  dark-bordered  fibre,  whilst  one 

or,  it  may  be,  two  or  more  smaller  fibres  seem  to  arise  from 
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the  surface  subsiance  of  the  eame  extremity  of  the  cell, 
whence,  after  twisting  round  it  and  the  straight  process 
several  tiineB,  they  pass  aivay  in  difi'frent  dirc(itioii9. 
Occasionally  L.  Beale  has  seen  the  spiral  process  can- 
tinnouH  ivith  a  dark -bordered  fibre,  though  in  such  cases 
it  is  ijot  certain  whether  the  straight  process  i&  or  is  not 
continnoas  with  a  fibre  of  tUo  same  kind.  J.  Amcld  has 
also  descrilwd  cells  of  this  type,  and  believes  that  the  pro- 
cesses are  in  connection  'with  the  nucleus  of  the  cell,  an 
arrangement  which  haa  not  been  confirmed  by  other 
observers.  The  fig- 
ures given  by  Axel 
Key  and  Retziua 
n^ee  elosely  with 
those  of  Beale. 

7.  But  in  the 
*  Bympnthetic  *  or 
risceral  ganglia  of 
man  and  other 
higher  vertebrates  it 
is  most  common  to 
find  many  simple 
processes  issuing 
from  laigc  and  very 
granular  ganglion 
cells.  Whether 
each  ie  directly  (con- 
tinuous ^vitba  single 

nerve  fibre,  after  the    p,^       Muitip^jru-  (»m  'Sympi- 

fashion  dia^rarama-  tLetic  or  Man  oauk  seiiuit»i.  Ht^MymBgnmod, 

.     ,        J        J.  J    '      freed  from  capsule :     em-lflacrf  within  nucleated  £a|v 

tically  depicted  in  juio,  TiiopttKrcMtA  r>r  i^Jiii  brokoimir. 
Jg.  2,  or  whether 

Some  of  the  processes  end  differently,  haa  not  as  yet  been 
sufficiently  ascertained.    These  large  multipolar  ganglion 
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oelb  of  the  svmpathetjc,  like  those  last  describe*?,  arc 
enveloped  by  a  fine  membranoas  sheath  dotted  with  many 
oacleit  aod  the  sheath  is  continned  for  some  distance 
alonfj  each  of  the  nerve  processes,  in  the  form  of  a  loose 
envelope. 

8.  Lastly,  anipolar  uerre  cells — that  is,  nerve  cells 
situated  at  the  end  of  a  single  Kerve  fibre-  are  alleged  to 
exist  in  the  ganglia  on  the  i^pinal  nerves  and  elsewhere. 
They  have  again  recently  been  figured  by  Axel  Key  and 
Relssias,  tbongh  maoy  modern  obserTers  have  been  very 
sceptical  aK  to  the  existence  of  such  bodies,  Beale,  for 
inBtance,  maintains  that  ail  nerve  cells  have  at  least  two 
pnM-esfies.  Without  attempting  to  explain  their  use  or 
FAtxle  of  aetioD,  it  seems  to  the  writer  that  such  unipolar 
nerve  cells  certainly  exist  in  some  of  the  lower  animals. 
He  has  himself  seen  and  figured  such  bodies  as  they  occur 
in  Ascaris  (Phil,  Trans,  18G6,  PK  xxiv,) ;  and  in  many 
other  animals  nerve  noits  of  the  same  kind  have  been 
liktrwiHc  recognized  by  competent  observers. 

Many  of  the  so  called  apolar  nerve  cells  may,  as 
G.  H-  Lewes  suggests  in  a  recent  work,*  be  nothing 
more  than  imperfectly  developed  ganglion  cells,  iu  whiuh 
the  processes,  if  not  absent,  are  m  abortive  as  to  escape 
obHervattDD.  All  who  have  examined  nerve  centres  with  the 
microHcnpe  know  that  mii!titude«  of  Ruch  bodies  are  to  be 
fonni],  thongh  tboy  are  often  very  email — not  much  larger 
than  mere  nuclei — and  therefore  liable  to  be  regarded  as 
belonging  to  the  neuroglia  rather  than  to  the  nervous 
liHsuo  proper.  And  if  some  of  the  celk  and  nnclei  usually 
assigned  to  the  'neuroglia^  are,  in  reality,  potential  or 
embryo  nerve  cells,  the  importance  of  this  intermediate 
tiflf^ue  as  ft  formative  raalrix  in  which  new  developments 
may  take  place,  will  at  once  appear. 

•  -  Tho  Pbyflical  Baku  of  Mind,"  I**"?,  ^  23+. 
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Thus  to  concerning  tlie  simplest  elements  of  a  nervous 
mechanism.  It  should  now  be  fitatcil,  however,  thnt  even 
when  the  Nervous  Svstem  consists  of  a  mere  multiplicatiou 
of  the  simplest  combinations  neceBsary  for  the  excitement 
nnd  execution  of  '  reflex  actioiis,'  the  groups  of  these 
nervoua  area  are  almost  ahvays  arranged  in  pairs,  one  on 
ouch  sifle  of  the  middle  line  of  tlic  body.  The  body  of  an 
animal  is  for  the  most  part  divisible  by  a  median  langi- 
tmiinal  plane  into  two  ir^ymmotrical  halves,  and  the  integral 
parts  of  ihe  nervoUH  system  are,  in  the  main,  similarly 
double.  In  some  lower  organiama,  sucli  as  certain  MoUusks, 
Worms*  and  Crustacea,  these  Imlvea  of  tlie  nervous  system 
ftre  distinctly  separated  from  one  another  (llgfl*  23,  3'2j 
34),  though  in  Vertebrate  Animals  they  are  always  more  or 
less  fused  into  one  axial  '  cerehro-Bjjiuul '  system  (lig*  20). 


[etroua  SyAtum  o{  orb  qI  the  EoUda^  (Flonn  attanHra).  (Qcgcnboiier  after 
8u:pra-<«4>.'>]ilm|j;'«!:tL  HflAtH^  gnJ^gUa,  cumpciflihl  of  t^^o  prdm  of  gabg'llA 
Bbml  In  frviiit  Kod  thehnnehM  behind  i  eaoti  pair  united  its  own 
comndMiire.  B.  Oreat  laolur  gMiglia,  in  cooniititidu  wSth  tli4  mupott  ^sglia,  and 
with  one  another  by  the  comnflsBure  C,  BiidqkI  |pftngl[&,  D,  OaHtro-oBiophagtial 
^iiighx.  a  and  A,  Xbttck  frpm  tbo  Bcosary  tdtituclc  c,  Kcrres  tram  tha  genftal 
orip^m.       fritit^iiMLl  motor  nonrn  of  the  budy.    f\  Cojunt[wur4  of  Iht  btaticJIUml 

These  lateral  halves  of  the  nervoua  system  are  eonnected 
with  one  another  by  means  uf  shorter  or  longer  transverse 
res,  which,  gathered  into  thick  or  thin  buudlea^  are 
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known  ns  '  commi^ures/  Sacli  tr&usyerse  00ilillU88tt^# 
always  unite  simil&r  ganglia,  whether  these  are  so  close 
fts  to  be  more  or  l^s  conUnoous,  or  disiincUj  separat«d 
from  one  another*  Two  or  three  illnstrations  will  snffiee 
to  make  these  bilateml  arrangemeuts  more  intelligiUe  lo 
the  reader. 

In  some  of  the  Nadibranchiate  MoUa^k^  so  commen  on 
the  sea  shore,  there  is  in  &ont  and  on  each  side  a  large 
roondish  though  fuDctionaUjr  compound  ganglion  receiring 
nnmerons  ingoing  nerves  and  connecW  with  its  fellow 
bj  means  of  a  rery  thick  and  a  thin  commissure  (fig.  17)* 
The  BenBory  ganglion  is  also  connected  on  ^ch  side  faj 
means  of  a  short  commissure  with  its  own  motor  ganglion* 
from  which  outgoing  nerves  proceed  to  the  muscles^  aod 
the  two  motor  ganglia  are  in  their  turn  eonnected  by  A 
longer  transverse  commissure  {fig,  17,  e). 

Thue^  in  each  half  of  the  body  of  one  of  these  ani- 
mals there  is  a  complex  aggregate  of  the  mechanisms  for 
reflex  actions — -represented  hy  ingoing  fibres  entering  a 
Bensory  ganglion  in  conneetion  with  a  motor  ganglion^ 
together  with  OTjtgolng  fibres  issuing  from  the  latter. 
Whilst  in  addition,  the  two  halves  of  the  nervous  system 
are  united  to  one  another  by  the  above-mentioned  trans* 
verse  commisBurea,  It  is  by  virtue  of  thene  conneetiona 
between  the  respective  ganglia  of  the  two  sides  that  a 
properly  co-ordinated  activity  of  the  whole  body  is  rendered 
possible,  in  response  to  sensory  stimuli. 

In  other  animitls^  such  as  the  Grasshopper,  whilst  the 
bilateral  aymmetrj  of  the  nervous  system  (fig.  18)  is  just 
as  obvious,  it  is  much  more  complex  and  more  developed 
longitudinally.  The  sensory  and  motor  ganglia  are  nume- 
rous  and  are  arranged  aide  by  side  in  serial  order^  though 
many  of  them  are  more  completely  fused  with  one  another 
and  with  those  of  the  opposite  side  than  is  the  case  with 
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the  two  pnirs  of  gan- 
glia of  Eolis.  Thus 
TU  Gf]  ian      CO  mpouii  d 
ganglia    (fi^.  18,  n) 
are  funned,  comioctctl 
with  one  another  by 
single,  or  it  may  bo 
by  douhle  (r,  h)  com- 
tuiRsuree,     The  ter- 
miDal  douhle  group 
^a)    represents  iha 
ain  of  the  ajiitual, 
ml  this  is  prohuhly 
\»M(s  of  receiviug 
"rnuli  by  some  fibres 
om  the  sensor}'  por- 
oa  of  each  single  or 
oiible  ganglion 
throughout  the  body 
of  the  Insect,   It  can 
prohablyalso  transmit 
niotor  stimuli  along 
otb  er      com  m  i  a  sural 
fibres  to  each  motor 
dineion  of  the  same 
y  ganglia. 
In  the  Gnissboppor 
the  brain  is  not  more 
than   three   or  four 
es  afi  large  ait  one 
of  the  compound  gan- 
liain  communication 
th  the    legs  and 
ngs. 

In  Vertebrate  Ani- 


^he 
^thai 

t. 


Fio.  IE  — yoTYous  nystcra  ol  Ihe  Great  Green 
OrMihi'>ppcr  tN'eujji-trt).  A.ljmln ;  B.  f'ptfcnorTM : 
D,  untuJiniAl  usrt-«a ;  d,  raotoc  nerve  of  ruuidUilfl 
InitD  Btib-fEBTjpKiigml  g-juigliiin ;  ff.  flnit  thoracic  gaa- 
ffUuu,  cmincct«d  to  tha  secou^r  u  iha  apeoad  la  to 
the  IblrrL  hy  two  ci»mTn!unireL 
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Rwls  w€  bftve  a  siill  further  concentratiou  of  Uig  nervona 
syst^iQ*  lower  terms  of  tbe  series,  sadi  as  Fishes 
%nd  Amplii^jia  (Hg.  56),  this  coDceutratiou  is  geen  to  the 
most  markeU  Dxtout  in  the  chain  q(  ganglia  pertAiuiiig 
to  the  thorax  and  aMomen.  In  these  animals  and  in 
all  other  vertebrntes  they  are  most  completely  fused  into 


21  U  U  It 


Vta.  HcMon  through  Kgnmn  Sptntl  Cwd  \s  wrrlcil 

mbtrwlng  ih*  •jrunn  toW  cwmpoi^dof  tw^'  s^rtninotrieal  halves,  (t&ippej  &ftor  Stilling.) 
Tlu  purtluiiii  COTTMpnud  to  trsioni  cotatAicJng  limgtbultiuJ  flhm ;  tb?  U^litcr 
pcn-lltfri*  nrvrvwnt  tbe  tmilnl  Unj  lUtt«r  ud  tb«  harlao^tal  ivut*  o4f  Boma* 
ly,  l)<  c<miiulMtn«a  octtaet-tltts  tli«  «yintnetric*]  hiUvea  of  tha  gtxiy  mutt«r  ;  II,  11, 
II.  matmifttnr  nulor  tw(<  uf  Hplna)  nprrea,  coming  from  MtArioi-  Koniff  or  Cwntu 
of  <inf  MMm,  In  wlficii  uo  uumervtu  grwiiw  of  Luigo  cuii^lloii  pa*. 
t^Hm  uT^oMOTj'  roriJjiif  ij-lriAl  ncrTM,  ci^tfiilnif  thij  )>(.«turlur  Horn*  tit  Orty  HtUm 


u  more  or  Iva^  cylindrical  cohimn  known  as  the  '  spinft] 
toi'd.'  Thh  cord  constitutes  a  double  and  fused  series 
of  mrxG  cc-nirus  in  relation  with  the  superficial  aa  well  as 
with  tho  deeper  fltructures  of  the  greater  part  of  the  body, 
including  nil  the  great  nerves  of  the  limhs. 
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In  higher  \ei'- 
tebr^Ltes,  such  bb 
Birds  and  Mam- 
uihIr.  we  have  this 
Bamefusioti  af  gan- 
glia iu  the  spinnl 
coril  I  fig.l  9),  wliilst 
a  similar  process 
al^  displays  it- 
self to  a  more 
marked  cxtunb  iu 
the  brain.  lathe 
higher  fomis  of 
this  series,  and 
above  all  in  Man 
Limaelf,  tbe  gan- 
glia of  the  brain 
become  more  and 
more  integrated, 
and  same  of  these 
partR  alBO  take 
on  an  enormous 
development. 

The  wei^rbt  of 
the  entire  lirain, 
as  compared  with 
tbat  of  the  Spinal 

Cord    indeed     Un*  50.-'<jflnBTalTlow  of  Ncrvr>n«  Sj-Bttrto  nt  M.m,  from 

'  '    ^        Iwhiirl,    1,  t'nrflibmiii  ;  S'j  cerBljiillum  ;  ii,  upimr  jMirtof 

""ergoea  a  great  m*  upmai  iMiv«rt) 

Lsein  each  divi- 
sion of  the  Tertebrates.    In  the  Lamprey  this  relation  is 
id'  to  be  as  *013  to  1 ;  in  the  Newt  as  '55  to  1;  in  the 
eon  as  3'5  to  1 ;  in  the  Muuae  as  4  to  1 ;  whilst  in 
•  Marabairii  '*  Ouiiiaes  of  Phyaiology,"  vol.  i.  p.  406. 
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Man  it  is  about  40  to  1.  Thus^  wliiiat  the  Gerebruta 
and  the  Gef^Uanif  wliich  togdtbdr  ^tinfltHbta  Hie  l^nin, 

is  actually  much  ligbter  in  the  Lnmproy  than  tlK-  J^ninal 


CHAPTER  nr. 


THE  rSE  AND  NATtJElE  OF  SENflK  OHOANS. 

Heat  and  lif,'ht  are  pliymcul  influeDcoa  to  which  even 
the  lowest  unita  of  living  mftttcr  respund,  whether  ibeir 
mode  of  life  and  nuiritiun  be  moist  akin  to  that  of  Plants 
or  to  that  of  Animals,  These  inffueiiceH  act  upon  such 
organiHins,  either  hy  stioiulating,  retftrding,  or  otherwise 
njodifying  the  chemical  chann^es  occorring  in  their  interior, 
and  upon  the  existenco  of  which  their  Life  depends. 

Where  the  vital  processes  of  the  organism  are  stimulntcd 
hy  these  physical  agencies^  their  incidence  may,  in  many 
instances,  hecomo  the  cause  of  ao-ealled  '  apontaueona ' 
movements.  And  some  sort  of  foundation  exists  for  tbia 
jK>pnlar  mode  of  eiprosBion.  A  movement  which  follows 
immediately  upon  some  localized  external  stimulus  ia 
cot  said  to  be  *  spontaneous : '  the  lenn  is  generally 
Applied  v^here  the  cause  of  the  movement  is  not  distinctly 
recognizable.  In  some  of  these  cases— as  when  we  have 
to  do  witb  the  influence  of  a  diffused  physical  agent  such 
AS  heat — an  undetected  or  unconsidered  external  cause 
really  exists,  which,  by  stimulating  the  vital  processes, 
gives  rise  to  movements  seemingly  spontaneous.  Whilst  in 
other  caaeg,  movements  apparently  spontaneous  are  to 
be  referred  to  internal  states  or  changes,  that  is  to  impres- 
sions emanating  from  some  of  the  internal  organs  which, 
after  passing  through  one  or  more  ganglia,  are  trans- 
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miLted  olong  out^aing  nerves  to  some  of  the  organ 
locomotion. 

Heat  often  acts  upon  orgnuisms  upon  all  sides  alike 
consequently,  though  it  may  stimulate  their  life-processea 
generally  auti,  iu  some  instancen,  give  rise  to  niovementa 
— the  latter  arc  not  determined  in  one  more  than  in  a 
other  direction.    It  is  well  known  to  stimulate  the  '  to 
aiid-fro  ^  or  the  gyrntory  movements  of  Bacteria,  aud  other 
of  the  lowest  organisms  ;  and  whilst  it  also  renders  moro 
strikio^  and  rapid  those  changes  of  form  wliich  all  Amce- 
bold  OrganiaraB  are  apt  to  tlisplay,  the  niovements  evoked 
are  similarly  random  and  devoid  of  purpose. 

It  is  not  altogether  similar  \vith  the  inflQencc  of  Ligh 
This  agent  almost  always,  and  of  necessity,  falls  more  o 
one  side  of  an  organism.  Consequently  it  often  suffices 
to  induce  movements  of  the  lower  forms  of  life  in  definite 
directions,  just  as  it  causes  similar  respouBive  movements 
to  be  executed  by  the  parts  of  any  higher  plants  which  may 
come  fully  under  its  intluencB.  In  each  case  the  move- 
ment, or  altered  position,  is  dae  to  aome  nutritive  change — 
that  ia^  to  some  alteration,  whatever  its  nature,  in  the 
activity  of  the  life-processes  taking  place  in  tho  part 
impresRed  by  the  light.  So  thnt,  whether  we  have  to  do 
inth  the  movement  of  a  Sunflower  or  with  the  looo- 
motions  of  minute  living  units,  the  essential  mode  of 
production  of  the  movement  is  probably  similar* 

Of  such  locomotions  of  minute  living  organisms  under 
the  influence  of  light  many  Instances  might  he  cited;  it 
will  suffice,  however,  to  mention  the  fact  that  green 
Zoos^poroH,  which  may  have  been  uniformly  di  (fused 
through  the  water,  are  very  apt,  when  the  vessel  contHiuing 
them  is  placed  near  a  \viudow,  to  collect  on  the  surface  of 
tbe  water  at  the  part  where  most  light  falls,  and  the  same 
would  hold  good  also  for  many  Medusae.    Minute  animal 
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orrranisms  iir©,  however,  ofteu  affocted  quite  differently  by 
lliis  flpeat.  Tbey  mny  move  away  from  ratLer  than 
towards  ita  source,  and  to  this  escteut  may  he  said  to 
'seek'  the  shade  rather  thnUi  the  j^lare  of  BunHf^Ut. 

The  operation  of  sueh  influences  and  their  results^ 
form  the  heginniiiga  or  substrata,  as  it  were,  of  other 
phenomena  with  whieh  wo  are  now  more  particularly 
ooDcerned.  The  unilateral  influence  of  Light  and  the 
movements  to  or  from  its  source  to  which  it  gives  rise, 
ftffard  a  connecting  link  between  fliflusod  causes  like 
Heat,  which  operate  generally  and  produce  purely  random 
motions,  and  those  more  localized  influenoos  now  to  be 
considered,  by  which,  and  the  intermediation  of  a  more 
and  more  complex  Nervous  System,  the  various  detinite 
or  responsive  iDovementa  of  organisms  have  been  gradually 
evoked  and  potentially  organized, 

Toucli. — The  first  to  be  considered — because  it  is  the 
Riinplest— of  these  loLMilized  inflnenefia,  is  a  shock  on  me- 
chanical impact  of  some  kind  falling  upon  the  external 
Biirfaoe  of  the  organism.  This  is  the  primordial  and  most 
general  of  all  the  modes  l>y  which  the  surface  of  an 
organism  is  impressible.  Its  sensitivity  to  such  stimuli 
is— both  in  the  stage  of  impression  and  in  that  of 
reaction— closely  akin  to  the  general  organic  irritability  of 
protoplasm,  which  nnqnestionahly  constitutes  its  starting 
point.  These  modes  of  impression  and  reaction  are  the 
first  links  towards  the  establishment  of  a  correspondence 
between  the  organism  and  the  most  common  events  or 
properties  of  the  medinm  in  which  it  lives  and  moves. 
It  is,  con^equentl)',  the  kind  of  impressihility  most  exfcen- 
fiively  called  into  play  in  all  the  lower  forms  of  animal 
life. 

Althougli  the  whole  or  the  greater  part  of  the  sui-face  of 
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an  OTgauiBm,  in  one  of  the  simple  auimals  to  ^liiclj  we 
are  referring,  may  be  more  or  less  impresBible  to  shocks  or 
inipocts  from  contact  with  surronndiiig  bodies,  it  of 
happens  that  mch  iiupveseious  more  freqiienOj  fall  upon, 
and  are  more  readily  received  by»  certain  appendages 
situated  at  the  anterior  extremity  of  the  aniiualj  in  do 
proximity  to  the  mouth,  Tbese  spcoializcd  parta» 
*  tactile  appendages',  are  kn^wn  aa  pnpil]ii<,  setaj,  tentaclev^ 
autenniB,  or  palpi,  according  to  the  forma  which  they 
assume  in  different  animals, 

Why  such  organs  should  be  developed  80  frequently  at 
the  anterior  extremity  of  the  animal,  and  in  the  neighs 
bourhood  of  tlie  mouth  rather  than  ou  other  parts  of  the 
body,  is  not  difficult  to  explain.  Whatever  the  mode  by 
which  they  are  called  ioto  being  {and  the  moat  opposi 
views  are  entertained  upon  this  subject),  it  seems  obvious 
that,  if  organs  of  tliia  nature  are  to  be  present  at  all^ 
they  should  be  found  in  situations  where  they  may  be 
put  to  most  use.  In  an  animal  accustomed  to  active 
locomotions,  the  mouth  is,  with  only  a  very  few  excep- 
tions, situated  on  the  part  of  the  body  which  is  habitu- 
ally  directed  forward*  And  of  the  diverse  objects  coming 
into  contact  with  it,  some  are  of  a  nature  to  fierce  as  food, 
and  some  are  not,  A  high  degree  of  impressibility  natu- 
rally bDcomes  dtjvcloped,  therefore,  in  tliia  Bituationj 
where  the  parts  are  exercised  so  largely  with  impressioDa 
connected  with  the  discrimination  and  capture  of  food. 
These  organs  are,  in  fact,  not  unfrequently  both  tactile 
and  prehensile — this  combination  being  more  especially 
met  with  in  sedentary  forma  of  life,  like  the  H^^dra,  the 
Sea-anemone,  or  some  of  the  tentaculated  Woims, 

Taste. — But  it  often  happens  that  the  feolid  bodies 
serving  as  food  are  more  or  less  readily  soluble,  so  that  in 
animal  organisms  comparatively  low  in  the  scale  of 
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plexitj^  sum^  of  the  tflctilc  structiiros  witlim  or  atotind 
the  mouth  may  nndi?rgo  a  further  specialisation,  by  which 
they  and  tbeir  related  nci've  centres  become  fitted  to  dis- 
criminate between  impressions  of  a  slightly  differeut 
nature.  Such  *  ovgana  of  tasto  *  would  become  sensitive 
to  the  more  refined  kind  of  contact  yielded  by  certain 
dissolved  elements  of  the  food,  whose  local  action  is 
perhaps  attended  Uy  some  alight  chemical  change  in  the 
tissuea  of  the  pari.  Impressions  are  thus  produced 
whereby  the  '  sapidity '  or  fiavour  of  bodies  is  appreciated  ; 
and  such  impressions  gradually  become  associated  with 
deGnit«  related  njovemeuts,  partly  of  iuternal  and  partly  of 
external  organs. 

Although  this  mo<la  of  impros&ibility  doubtless  exists 
in  miLDy  of  the  low^er  forms  of  life,  still  no  distinct  organ 
of  Taste,  or  specialized  gustatory  surface,  is  as  yet  actually 
known  to  occur  among  invertebrate  animals,  except  in 
Insects  and  in  such  higher  moUusca  as  Snails  and  Cuttle- 
fishes. 

Impressions  of  the  two  orders  already  referred  to — 
more  or  less  distinct  from  one  another — are  those  by 
wbieh  alone  multitudes  of  the  lower  forms  of  animal  life, 
such  as  Polyps  and  various  kiuds  of  Worms,  appcav  to 
bold  conmse  with  the  outside  world.  Seeing,  however^ 
that  tactile  and  gustatory  impressions  can  only  he  made  by 
actual  contact  of  external  bodies  with  the  specialized  purts 
of  an  organism,  each  impressions  are  not  of  a  kind  to 
excite  raovementa  in  'quest'  of  food;  although  they  may 
lead  to  correlated  motions  of  parts  adjacent  to  those 
touched,  as  in  the  acts  of  prehension  and  swallowing* 

Sight. — Movements  in  actual  quest  of  food  may,  how- 
ever, be  excited  in  other  animal  organisms  by  impressions 
bringing  them  into  relation  'wiih  more  or  less  distant 
bodies.     The^way  is  paved  for  this  result  when  Borne 
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portion  of  tbe  anterior  &ud  upper  sarfuce  of  the  auimal, 
in  which  a*Ti[rregationa  of  pi*];nieiifc  oct.'LU%  bccomea  more 
tlmn  usually  sensitive  to  Vi^hL  A  dark  body  passing  in 
front  of  BUtih  a  regiou  altera  or  gives  riao  ia  certain 
molecular  cbau^^eB  iLcreiu,  and  these  molocutor  changes 
(produced  by  large  or  sniallj  near  or  remote,  bodies) 
differing  among  themselves,  become  capftble  of  exciting 
diasimilar  impressions  which  the  organism  is  crradnally 
attuned  to  discriminate.  The  existence  of  £udi  a  pow 
of  discrimination  in  this,  as  in  all  other  like  caties, 
indicated  by  the  creature's  capability  of  responding 
impresBions  of  this  order  by  definite  muscular  movements 
— as  when  the  Oyster,  having  the  Tiilves  of  its  shell 
Bpart^  instantly  closes  them  as  soon  as  a  shadow  falls  upon 
certain  pigment-specka,  or  so-called  '  eyes/  at  the  edge  of 
its  mantle.* 

This  beginning  of  visual  impressions  truly  enough  shows 
itself  as  a  very  exalted  appreciation  of  tactile  impressions  ; 
and,  inasmnch  as  sueli  an  appreciation  of  the  presence 
of  near  bodies  Avonld  in  so  many  instances  be  qnickly 
followed  by  a  mort*  gross  mechanical  contact,  the  rudinaen^ 
tary  visual  impreB&ion  is,  as  H*  Spencer  happily  puts  it,  a 
kind  of  **  anticipatory  touch/*  From  a  simple  beginning 
of  this  kind,  in  which  bodies  only  slightly  separated  fro 
the  impressible  foci  excite  certain  general  or  only  vaguely 
specialized  impressions  corresponding  to  lirrht  and  shade 
organs  of  Sight  at  once  more  elaborate  and  more  impres 
Bible  gradually  appear.  To  rudimentary  aggregations  of 
pigment,  in  8omc  animals  transparent  media  are  added. 
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*  Owen  sajB  Camp,  Anat  of  the  Invert.  Animals/'  p.  512)^--? 
"Carlisle  firat  eliowed  thut  oysters  were  gnnMiblfj  of  Ug-ht;  having 
observed  that  they  dos«d  their  valves  when  the  tilitidow  of  na 
B]»proiicbing  botit  was  thrown  forwards  bo  ub  to  cover  theoif  before 
Buy  undulation  of  the  waU^r  could  have  reikcht-d  them/* 
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Rerving  to  condense  the  light  tlietcon ;  and  these  media 
in  slill  otlier  orga-oiBtQ^  are  sufficiently  like  a  lens  to 
he  fldt»qnate  to  form  a  definite  imago  of  an  extenml  body 
on  the  iaver  t>f  pigment,  which  (on  its  other  side)  ia  iu 
contact  with  a  uerve-expansion  directly  commimicating 
with  n  contiguous  gan^i^'lion.  Nameroua  simple  structures 
of  this  kind  may  exist  apart  from  one  another,  aa  in  many 
Bivalve  Mollnsks  ;  or  they  may  he  far  more  numerous  and 
closely  agpfTOf^ittC'd,  so  as  to  form  such  compound-eyca  as 
are  met  witU  in  Craatacea  and  in  Insects,  Or  individual 
ocelli  may  be  perfected,  as  in  Spiders  or  lower  Crustacea, 
and  most  notably  of  all  among  the  Cuttlefiish  tribe,  in 
the  representatives  of  which  two  moveable  oyea  are  met 
with  whose  organization  is  just  aa  perfect  as  those  of  Fishes. 

The  difference  in  degree  and  range  of  seQsitiveuess 
^tweeu  the  efmple  '  eye-speeka '  of  some  of  the  lower 
Worms,  and  the  elaborate  visual  organs  of  the  highest 
Mollaskfl  and  Insects  is  enormous.  Tbe  range  and  keen- 
ness of  sight  also  become  progrosnively  extended,  so  that 
creatn res  with  the  more  perfeo t  eye s  are  capab le  of 
appreciating  impressiona  from  objoctii  more  and  more 
distant,  and  the  varioua  actions  which  hccome  established 
in  reisrponge  to  impressions  habitually  made  upon  such 
sensitive  surfaces  also  increase  enormously  in  number, 
varietyi  and  complexity.  The  rehxtion  between  the  keen- 
ness of  the  sense  of  si^djt  and  the  great  powers  of  loco- 
motion possessed  by  Insects  has  long  been  recognized  by 
naturiilist?;.  Prof.  Owen  thus  alludes  to  it :  *'  The  high 
di>grt!e  in  which  the  power  of  discerning  distant  objects  is 
enjoyed  by  the  flying  insects  corresponds  with  their  great 
power  of  traverfiiug  space.  The  few  exceptional  cases  of 
blind  insects  are  all  apterous,  and  often  peculiar  to  the 
female  sex,  as  in  the  Glow-worm,  Cochineal-insect,  and 
parai^itic  Slylops.'* 
"  4 
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As  already  pointed  out,  there  nre  obvious  reftaons  wby 
tlie  piiDcipal  specialized  Tactile  OrgiinB  that  may  present 
themselves  in  lower  animals^  should  be  fonnd  lu  the 
neighbourhood  of  tbe  mouth  ;  and^  for  similar  reasonH,  if 
for  DO  other,  the  anterior  extremity  of  the  body,  or  the 
upper  surface  near  this  anterior  extremity,  ia  the  most 
advaDtageouB  site  for  Yiaual  Or«;ans.  To  an  active  aoim 
eyes  would  not  only  he  more  useful  at  the  anterior 
extremity  of  the  l>ody  tliAn  elsewhere,  in  relation  to  ita 
food'taking^  movementa,  but  alao  in  reference  to  all 
other  uses  to  which  such  orf^ans  miiy  be  applied  during 
active  locomotions  from  place  to  place*  And  to  this 
situation  of  the  eyes  only  two  or  three  exceptions  are  met 
with  amonf*  animals  endoived  with  powers  of  locomotion  : 
whilst  the  few  caaea  of  deviation  are  mostly  explicable  by 
reference  to  some  peculiarity  in  the  habita  and  modes 
life  of  the  organisms  in  quPBtion, 

Smell. — In  vision,  as  above  stated,  we  have  to  do  wi 
a  refinement  of  the  senye  of  touch,  whereby  the  anim 
becoming  sensible  of  impressions  produced  by  '  waves*  of 
]ight  emanating  from  a  distance,  is  brought  into  mediate 
contact  with  certain  distant  objects.  But  a  sort  of  refine- 
ment of  the  organa  of  taste  also  occurs,  whereby  bodies 
possessing  supid  and  other  qualities  are  also  capable  of 
impresBing  organisma  still  at  a  distance.  Just  as  vision 
ie,  in  its  most  elementary  phases,  a  sort  of  anticipatoiy 
touchy  so  is  smell  a  kind  of  anticipatory  taste.  Yet  the 
two  cases  are  not  altogether  similar.  In  vision,  the 
contact — if  it  may  be  so  termed  — with  the  distant 
body  is  mediate,  through  the  mter\'entiDu  of  ethereal 
undulations  ;  whilst  in  smell  we  have  to  do  with  a  case 
of  immediate  contact,  not,  of  course,  with  the  distant 
body  itself,  but  with  extremely  minute  particles  which 
it  gives  off.    An  'emission'  theory  serves  to  < 
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the  diffusion  of  odours,  though  it  will  not  hold  for  tho 
diifusiou  of  ligbt. 

Fi^om  what  I  have  s&Ldf  It  may  be  tnf<^rred  tbat,  aa  re- 
gufds  the  delicacy  of  their  reRpective  phyBical  causes,  the 
sense  of  Smell  occupies  a  strictly  iutermodiale  position 
between  those  of  Tusto  and  Si^ht. 

Although  a  rudimentftry  sense  of  Smell  seeme  uiiquea- 
tiODably  to  be  possessed  by  such  aquatic  forma  ol'  the 
invertebrafca  as  Crustacea  and  the  higher  MoUuaks,  it  is, 
perhaps,  a  senae-eadowment  whit^h  gonerttUy  exists  to  a 
more  developed  aud  varied  extent  amongst  air-breatbiug 
animals.  But  in  whatever  forms  of  life  it  may  be  met 
vith,  this  sense-endowment  seema  to  be  always  very 
largely  related  to  the  detection  and  capture  of  food.  In 
this  direction  it  comes  to  the  aid  of  the  already  existing 
seoses  of  Sight,  Touch,  and  Taste.  It  has,  however,  the 
peculiarity  of  being  scarcely  otherwiKe  called  into 
activity  amongst  invertebrate  animals. 

AIt];^oagh  we  have  so  little  positive  knowledge  con- 
cerning the  situations  of  Organs  of  Smell  in  invertebrates, 
there  is  good  reason  for  believing  that  they  will  (spvlien 
present)  always  exist  in  close  proximity  to  the  mouth. 
It  seems  possible  that  in  Crustacea  they  are  to  be  found 
at  the  base  of  the  antennules;  that  in  CephalopodB  th&y  ara 
represented  by  two  little  foBSie  in  the  neighbourhood  of 
the  eyes ;  and  that  in  Insects  a  power  of  appreciating 
ocloura  may  be  possessed  cither  by  tho  antennie  them- 
selves, or  by  a  pair  of  foBSfe  near  their  bases.  Another 
cephalic  organ  has  also  been  referred  to  as  possibly  en- 
dowed with  a  power  of  being  impressed  by  odour;!,  O  wen 
says:*  "  The  application  by  the  common  honso-fly  of  the 
sheath  of  its  proboscis  to  particles  of  solid  or  liquid  fo»d 
before  it  imbibes  them,  is  an  action  closely  analogous  to 
•  •'Comp.  Anat.  of  Invertebrate  AnimulB/'  p.  3G8. 
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the  Bcenlin^of  food  by  tbc  nose  in  Ligbor  animals;  unil, 
as  it  is  by  the  odorous  qualities,  much  more  tbfln  by  the 
form  of  the  surface,  tbat  we  judge  of  the  fitness  of  sub- 
Btnnces  for  foodj  it  ia  more  reaaonablD  to  conclude  tbi 
in  Ibis  well-known  action  of  our  commonest  insect,  it 
Bcenting,  not  feeling,  the  drop  of  milk  or  grain  of  sugar*" 


The  part  of  the  body  bearing  the  month  and  the  variotta 
^n&ory  organs  already  named,  is  familiar  to  ull  as  the 
'  bead  *  of  the  animal ;  and  it  owing  to  the  fact  of  tlii 
clustering  of  sense-organs  on  tbis  fiart  that  tbo  beitd  co 
tflinfi  inierufilly  a  number  of  related  nerve  ganglia,  Tbis 
aggregate  muss  of  ganglia  constitutes  the  *  Brain  *  of 
invertebrate  animals.  It  forms  a  congeriea  of  nerve 
centres,  differing  much  in  different  classes,  as  we  shall 
find,  not  only  in  regard  to  the  disposition  and  size,  bnt 
also  in  respect  to  the  rtlative  proportions  of  its  component 
parta.  The  size  of  the  respective  ganglia,  indeed,  neces- 
sarily Tories  in  accordance  with  the  relative  importance 
and  complexity  of  tbo  several  sense  organs  already  men 
tioned — tlioae  of  Touch,  Taste,  Smell,  and  Sight. 

The  ganglia  thus  constituting  the  Brain  of  invertobral 
animals  are  not  only  in  relation  each  with  its  own  p&r- 
ticulfir  sensory  organs,  bnt,  in  addition,  we  find  the 
several  ganglia  brought  into  relation  among  themselves 
and  with  their  fellows  of  the  opposite  side  by  means  of 
conneoUng  or  commissural  fibres.  They  are,  moreover, 
oftt'u  connected,  by  means  of  much  longer  commissural 
threads,  with  Other  nerve  gangba  in  different  parta 
body. 


«1 
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Hearing. — Another  special  sense  endowment  remains  to 
be  referred  to»  This  has  to  do  with  the  organism's  power 
of  appreciating  the  vibrations  causing'anditory'  impressions 
— a  power  which  ia,  however,  probably  possessed  in  only  a 
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low  do^ee  by  most  invertebrate  animals.  Even  the  most 
perfect  form  of  tho  oi'|j;[tn  of  hearing  araori^  tlieae 
aniniais  is  but  a  very  nidimentiiry  structure.  In  this 
respetsl  ft  great  difference  exists  between  the  sense  of 
Si^jht  and  that  of  Hearing.  Whilst  the  eye  of  the 
Cottle-tish  fttLfliua  a  de^rree  of  elalioralion  Bot  fullins  so 
very  far  short  of  the  moat  perfect  furm  which  the  organ 
(lisplaya  uraoutr  vertehnitfi  animals,  the  orphan  of  hearing 
throughout  the  luvertehiata  is  remaikitble  for  its  sira- 
phcity,  and  remains  in  all  of  them  notably  inferior  to  the 
very  high  type  attained  by  this  sensorial  apparntus  m 
many  ^lunimals  and  in  Miin. 

Like  the  sense  of  Sight  and  the  eense  of  Siaell,  that  of 
Hearing,  even  in  its  simplest  grades,  servos  to  Lring  the 
orf^aiiisin  into  rtjiatiou  with  more  or  leas  distant  bodies. 
It  is  only  necessary  that  these  latter  should  be  capable  of 
transmitting  sonorons  vibrations  through  water  or  air  to 
the  auditory  organs  which  become  attuned  to  receive  them. 

It  seems  just  possible,  however,  that  the  so-called 
'  auditoiT  saccules '  of  the  Invertebrata^  may  have  more 
to  do  with  the  '  sense  of  Direction,'  or  of  the  organism's 
relations  with  space,  than  with  the  Eense  of  Hearing.*  In 
Vertebiiite  Animals,  it  would  appear,  that  both  these 
functions  are  asHOciated  with  the  auditory  apparatus,  and 
it  is  by  no  means  certain  that  the  '  sense  of  Direction,'  or 
of  the  organism's  ppacc-rchitiona,  may  not  be  an  endow- 
ment more  pnmordial  than  that  of  Hearing* 

No  auditory  perception  seema  to  he  present  at  all — 
certainly  none  has  as  yet  been  detected  or  inferred  to  exist 
— in  many  of  Iho  lower  forms  of  life ;  while  in  other 
Bnimals,  though  possibly  existing,  its  organs  remain  as  yet 
nnrecogni/ed.  Tho  latter  condition  obtains^  for  instance, 
with  the  majority  of  Crustacea,  Spiders,  and  Insects. 
*  See  p.  21 8. 
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Judging  from  the  instances  in  which  *  finditory  s( 
cuIgs'  have  been  detected  in  Molluak&,  and  in  some  fei 
representatives  of  the  classes  uhove  named,  it  Bepins  (andi 
the  information  may  be  novel  to  manj  readers)  that  the 
endowment  in  question  is  not  habitually,  or  even  ngtially, 
found  in  tlic  ht^iid,  or  in  direct  relation  with  one  of  the 
pangliu  composing  the  brain  of  luvortobrales.    In  Bomi 
Hetoropidfi,  liud  their  allies,  howorer,  the  *  aacculen/  what-' 
evei'  may  bo  the  function  to  which  they  aro  subserviontj 
eefim  to  be  in  immediate  relatiou  ivith  the  brain  fjanglia.* 
Further  reniarks  on  this  subject  must,  however,  be  de- 
ferrtrd  until  a  biief  deecriptiou  haa  been  given  in  future 
chapters,  of  the  nature  and  distnbution  of  the  iiervoua 
system  in  Bomeof  the  principal  gi-oups  of  the  Invertobrata* 

The  forugoingarethecoramouly  received  modeB  by  whic 
organisms  are  impressed  from  without,  and  by  which  they 
attune  themselves  to  the  condition  9  and  actions  oceurrlng 
in  their  medium*  It  was  recognized  by  Dcmocritus  and 
other  aucieut  writers,  Lhat  they  are  all  of  them  derivativea, 
or  more  specialized  modes  of  a  primordial  common  Bensi^ 
bihty,  such  as  is  posse^iSBd  by  the  entire  outer  eurfaee  of 
the  organism.  Touch,  tasite,  smell,  vision,  and  probably 
bearing,  are  Bonse  endowments,  having  their  origiu 
oj'giins  formed  by  a  gradual  diffcrontiatioti  of  certain  por 
tions  of  the  external  or  surfuce  layer  of  the  body — that  ia, 
of  the  part  in  which  common  sensibility  is  most  fre<]uently 
called  into  play.  And  just  as  this  common  sensibility  is  a 
crude  or  general  sense  of  touch,  so  are  the  several  special 
senses  to  be  regarded  as  more  or  leas  highly  refined  mod 
of  the  same  sense  endowment* 

The  distribution  and  arrangement  of  nerves  in  t 
various  impressible  surfaces  have  certain  characteristicB 

*  Siisbold,  "Manuel  J'Auat.  Comp,"  p.  309,  Note  I. 
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The  movements  of  locomotion,  or  of  limited  parts  of 
the  body,  which  become  estnbhslicJ  in  comepondence  with 
Tarions  kinds  of  external  impressions^  tend  with  time  to  in- 
crease in  number,  dcfiniteness,  and  comjdexity.  Tbej  are^ 
for  the  most  part,  to  be  classified  as  actions  subsorvieBt  to 
the  pursuit  and  capture  of  prey,  to  the  avoidance  of  enemies, 
to  the  union  of  the  sexes,  or  to  the  care  of  vouug, 

AH  BQch  movemeutB  are  found,  as  a  general  ruk» 
have  tho  effect  of  prolongirg  the  action  of  any  inlluenc< 
which  previous  individual  or  race  experiences  have  proved 
to  be  favourable  to  the  life  and  well-being  of  the  organisni 
and,  ou  the  other  hand,  of  CGtting  ehort  or  avoiding  infla' 
encea  which  past  individual  or  race  experiences  have 
proved  to  be  contrary  to  its  general  well-being.  The 
capture  and  swallowing  of  food  are  ends  to  which  a  v&iy 
larp;e  proportion  indeed  of  the  defiuite  motions  of  most  of 
the  lower  organisms  are  directed ;  and  this  direction  of 
thoir  energies  is  only  a  Ftpecial  cme  to  be  included  under 
the  rule  above  indicated— just  as  eflbrta  to  escape  from 
predatory  neighbours,  are  other  opposite  inatancee  of  the 
eam<5  rul«* 


Visceral  Sensationfl  and  the  '  Muscular  Sense.' 
In  addition  to  the  various  modes  of  impreijaibility 
external  inflnence  which  we  have  hitherto  been  considering, 
there  are  also  certain  other  modes  due  to  changes  in  the 
condition  of  internal  parts  of  the  organism*  Those  ore 
divisible  into  tw*o  categories:  (1)  impressiona  emanating 
from  one  or  other  of  the  various  seta  of  viscera — such 
AS  the  alimentary  canal  and  its  appendages,  the  respiratory 
orgjtns,  the  genital  organs,  or  other  internal  parts  ;  and 
(2)  Impreabions  derivable  from,  or  in  some  way  attendant 
npon^  the  contractions  of  muscles. 

The  first  category  of  internal  impreBsions — those  eman- 
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flting  from  the  viscera — are  undoubtedly  very  iniporUnt 
in  rtilittion  to  animal  life  generally.  In  part,  they  have 
the  eff*?ct  of  causing  contractions  of  related  muscular  por- 
tir>ns  of  tlio  viscera — as  when  the  presence  and  pressure 
of  food  in  certain  portions  of  the  alinic^ntary  canal  excites 
—it  may  be  through  lociU  ganglia — contractions  by  which 
llie  food  is  propelled  farthor  ou.  In  purt,  however,  they 
act  upon  the  principal  nerve  ganglia— those  constituting 
the  brain — in  such  a  way  as  to  excite  the  external  sense- 
organs  with  which  they  are  connected  to  a  higher  order  of 
activiiy.  Visceml  irapresaions  of  one  kind  may  cause  an 
animal  more  eagerly  to  pnrsue  prey,  whilst  those  of 
another  sort  may  tend  to  m  increased  alacrity  in  dis- 
covering a  mate.  In  these,  and  in  many  other  instances, 
internal  impressions,  reaching  the  cerebral  ganglia,  wonld 
seem  to  excilo  a  higher  receptivity  for  certain  kinds  of 
external  impressions  and  a  corresponding  increased  readi- 
nesfi  to  respond  on  the  part  of  the  moving  organs  whose 
activity  is  related  to  such  conjoined  impreasions  and 
promptings. 

With  the  second  set  of  irapresaions,  those  of  the  so- 
called  'muscular  sense,'  we  have  at  present  nothing  to 
da.  They  differ  altogether  from  others,  whether  of  ex- 
ternal or  of  internal  ongin,  hy  the  fact  that  they  follow  or 
accompany  movementa  whose  intensity  they  are  supposed 
to  measure,  and  do  not  of  themselves  incite  mo%'enients* 
Gmriting  that  snch  impressious  ha%'e  a  real  existence, 
it  is  obvious  we  can  know  nothing  about  them  among 
Invertebrate  Auiniala,  since  they  have  only  a  subjectiva 
esiatenee  and  do  not  of  themselves  alone  lead  to  more- 
meiits.  Onr  only  knowledge  of  such  impressions,  as 
subjective  sUtes,  must  he  derived  from  our  own  sensations 
together  with  what  other  foUow-men  are  able  to  describe- 
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FoK  several  reasons  it  will  be  advaulngeciuu  to  depar 
fi'om  the  usual  zoological  order,  &nd  consider  tiist  the 
disposition  oi  tLe  nervous  system  in  some  of  the  principal 
types  ol  tho  sub-kingdom  Mollusga.  < 
These  arc  animals  mostly  aquatic  iind  wholly  dovaid  of 
hollow,  articuhitectt  locomotor  ai>pentlngeH,  Their  organfl 
of  Tegetative  life  attain  a  diBproportionate  deTelopment, 
as  may  be  imagined  from  tho  fact  that  some  of  the 
simplest  repreBentativea  of  th^^  class  consist  of  mere 
motionless  sacs  or  bags,  containing  organs  of  digestion, 
respiration,  circulation,  and  generation.  The  most  complex 
Mollusks,  howevor»  are  active  predatory  creatures,  endowed 
with  remaikable  and  varied  powers  of  locomotioHj  and  with 
BensB  organs  whidi  are  both  keen  and  highly  developed. 
The  simpler  forms  are  represented  by  the  motionleRg 
Ascidiiin,  and  tlie  higher  by  the  active  and  highly  endowed 
Cuttle-fish. 

It  should  be  mentiouedj  however,  that  the  tendency  of 
several  recent  investigations  has  been  to  separate  the 
class  to  which  the  Ascidiana  belong  altogether  from  tha 
Mollusca,  and  to  place  them  aa  an  independent  group, 
having  affinities  to  the  lowest  Vertebrates. 

The  solitary  Ascidians  may  be  taken  as  the  type  of 
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the  Tnnicata,  Their  life  of  relation  witli  the  exteniftl 
world  is  yf  tLe  simplest  descriptian.  Thuy  are  sta- 
tionary creatures,  Laving  even  no  prebonsile  organs — 
their  food  being  brou^jfiit  to  the  commencenieiit  of  the 
alimentary  canal  by  ciliary  action. 

In  correspondence  with  aach  a  simple  mode  of  lifet  we 
migiit  expect  to  liud  a  very  rudimentary 
nervous  system,  and  this  expectation  is  fully 
realis^ed.  The  Tunicata  poBsesB  a  single 
email  nervous  ganglion  lying  betweeti  the 
bases  of  the  two  faunela  through  which 
water  is  taken  in  and  discharged  (fig.  21,  c). 
This  ganglion  receives  branches  from  tlie 
tentacula  guarding  the  oritice  of  the  oral 
funnel,  and  possibly  from  the  branchial 
chamber ;  whilst  it  gives  off  outgoing  fihi- 
mente  to  the  varioua  parts  of  the  muscular 
saCj  and  perhftpa  to  the  alimentary  canal  rougu  dingmm- 
and  some  of  the  other  mieruul  orguus.  In  ^t^,  koftoub  sjb^ 
some  of  the  soUtary  Tunicata  a  rudimentary  '^^t^'" 
visnal  function  is  presumed  to  exist.  At  diiai  .^rifoo:  h, 
all  events,  pigment-spots  are  situated  on,  or  "^^^^J'^^J^,^ 
in  very  close  relation   witli^   the    Rolitary  ^vith  iu  afrerent 

i<  mid  cfFertitit 

ganghon. 

The  recent  investigations  of  Kupffcr  tend 
to  show  that  this  extremely  simple  nervous  system,  never- 
thelesBf  represents  a  decidedly  higher  tj-pe  of  organization 
than  had  been  previously  supposed*     Fuilber  details 
cannot,  however,  here  be  given.* 

The  BrachiopodB  are  among  the  oldest  and  most  wide- 
spread of  the  forms  of  life  in  the  fossil  state,  and  the 
geographical  diBtribution  of  their  living  representatives  at 

*  See  Gegenhftuer'e  "  Conop.  Anatomy,'^  English  Translation, 
p.  395. 
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the  presoTit  day  is  also  Tery  wide.  Like  tliu  Tnnicnta,  they 
are  iiUo  headless  organisms,  and  k-ad  a  Bcflentary  existence, 
attached  to  rock  or  slone  either  Ly  a  pcdiclo  or  hj  one 
division  of  their  bivalve  ahelk.  The  mouth  is  unprovided 
with  any  appeiulftges  for  graspiug  food — nutritive  par- 
ticles being  again  hrought  to  it  by  means  of  ciliary  cnrrenlB. 
Nunjerous  musclea  exist  which  connect  the  valves  of  the 
shell  to  one  another,  and  with  tho  encloeed  animaL 

Though  tiie  liBceral  organization  of  the  Brachiopoda 
is  somewhat  complex,  no  definite  Sense  Organs  have 
yet  been  detected  iu  any  of  them.  The  nervous  system  of 
these  sedentary  animals,  moreover,  compriecs  nothing  an- 
swering to  a  '  brain  '  as  it  is  ordinarily  constituted — though 
ganglia  exist  around  the  cesophafruH  whiL'h  must  receive 
afferent  impreeaions  of  some  kind,  and  from  which 
branchea  proceed  to  the  varioua  muscles  and  viscera  of 
the  body. 

Such  low  sensory  endowments  'would  l>e  wholly 
iljcompntible  with  thut  degree  of  visceral  complexity  of 
organisation  which  the  Brachiopo^s  poBseas,  had  it  not 
been  for  the  fact  that  these  animals  lead  a  p^rEtsive  exist-^ 
ence  in  respect  to  quest  of  food.  The  absence  of  sense- 
organs  and  of  a  brain  is,  indeed,  only  compatible  with 
Buch  a  Bemi-vcgetative  existence. 

The  Lamellibranchs,  or  ordinaiy  headless  bivalve 
MoUugks^  also  include  some  representatives — such  as  the 
Oyster  and  ita  allies — which  lead  a  sedentary  life.  Tb* 
valves  of  the  shell  iu  Lamelli^  runchs  generally  are  lateral, 
instead  of  being  dorsal  and  ventral  na  amongst  the 
curious  Brachiopods  above  refeired  to. 

The  mouth  of  t)ie  Oyster  is  surrounded  by  four  labial 
procc'sses  whose  functions  are  not  very  definitely  known. 
It  presents  no  other  appendages  of  any  kind  in  the 
neighbourhood  of  tlie  mouth,  and,  ae  in  the  two  types  of 
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Mollu&ca  alreaJj^'  described^  the  food  which  it  swallows  is 
brought  to  the  entrauce  of  its  oesophagus  by  tneans  of 
ciliary  currents.  It  has  two  small  anterior  or  '  labial ' 
ganglia  (63.  2^2,  a,  a,)  one  being  situated  on  each  side  the 
mouth.  They  are  connected  Ly  a  ccjmtnisguro  arching  over 
it,  nnd  also  by  a  more  slender  thread  beneath  the  mouth. 
From  this  lower  commissure, 
filaments  {c)  aro  given  off  to  the 
stomach.  The  auterior  ganglia 
receive  nerves  (/)  from  the  lubial 
pri>cesses  which  are  prol)ably  for 
the  most  part  aflerent  iu  function 
— at  all  events,  these  procesaea 
have  no  distinct  muscular  struc- 
ture. IVo  long  parallel  eomrais- 
Bures  {(^t  d)  connect  the  anterior 
ganglia  with  a  single  large  com- 
pound  '  branchial '  ganglion  (/*), 
Bituuttnl  posteriorlyj  and  cIobc  to 
the  grc*at  adductor  muscle*  It 
gives  off  branches  to  thismuscls, 
to  each  half  of  the  mantl©,  and 
to  the  gills  [c,  c).  - 

Other  more  active  Lamellibranchs  possess  a  muscular 
appendag^e  known  as  the  'foot',  which  is  in  relation  with  an 
additional  suiglu  or  double  nervous  ganglion  (' pedal  and 
is  nsed  in  various  ways  as  an  organ  of  locomotion.  Speak- 
ing of  the  diverse  uses  of  the  foot  among  bivalves,  Prof. 
Owen  says:'  **  To  some  which  rise  to  the  Burfaco  of  the 
water  it  acts,  by  its  expansion,  as  a  float;  to  others  It 
serves  by  its  bent  form  aa  an  inatruracnt  to  drag 
them  along  the   snuds ;  to    a   third   family    it    is  a 


F]a.  SS.  — NerrouB  Sf^em  of  lui 
Oyotor.  ^Tddd  aflcc  Gurncr.)  a,  n, 

poBteriar  or  biuii  chloJ  ganglloa 
(dimlrli.*) ;  labia]  iiarvc*  c,  p, 
t)nUli:hiAl  DatTcs;  d,  d,  cURimla- 
auretf  bctvouii  And  broncbiiat 


*  "  Lect«  on  Gomp-  Anal  of  lQTert>  Aniaials,"  p,  505. 
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burrowing  orgjin ;  to  many  it  aids  in  the  execution 
Ehort  leaps/* 

The  bivalves  poasesaing  a  foot^  therefore,  present  three 
pairs  of  ganglia  instead  of  two — the  anterior  or  *  labial', 


aS.^Norvmifl  Sjritoni  (>f  th  s  CoiumoB  Mnwel.  (After  Ownn,  >  I,  lA\Aa}  jwiglU 
CODMCtwl  by  •  ihort  i:omm1aaiurc  ■Lore  or  lu  tnmt  of  Una  mtmtli :  b.  bnutchtkt 
gu^ttk  slDiiljirJ J  ODEUioctiHl,  uid  nljo  rnntted  by  very  iong  cordji  [d,  d]  with  Ifhrn  libliil 
gMvlU;  p,  bUobed  pedal  ^aghoh  itutidlas  braucbw  ^  muiictikr  font  \,r),  tad 
clnaelj  coDuectcd  Mtb  tbfl  'aii'Htorj  baccuIm' *i  A'.  clrci|in-r*m»l  plejcui ; 
jft  fajjnu»  by  whlcb  tbo  «nimiiU  attAcbes  itMlf     extomal  BubsUuicea. 

the  posterior  or  ' braiicLiiir,  and  the  inferior  or  'pedal*. 
It  occasionally  happens  that  the  ganglia  of  the  posterior 
or  even  of  the  Inferior  pair  may  become  approximated  and 
fused  into  one. 


CHir.  IT.]  THE  NKRVOUS  ST8TKM  0?  HIOLT.USKS.  75 


The  fnaion  of  tbe  posterior  g^anglia  takes  place,  as  in  the 
Oyster  (fig,  22,  b)^  when  the  branchiie  from  which  they 
receive  nerves  (c,  c)  come  close  together  posteriorly.  On* 
the  otiier  band,  in  those  MoUuska  in  wljich  the  hranchite 
ere  farther  apart,  the  two  gangha  remain  separate  and  are 
connected  by  a  short  coramisisure,  as  in  the  Cocainon 
l^IuHsel  (fig.  23,  i). 

The  separatene39  or  fusion  of  the  inferior  or  '  pedal  *  gan- 
gha  depends  apon  the  size  and  shape  of  tbe  foot,  since 
tbe  nerves  in  relation  with  them  are  distributed  almost 
wholly  to  this  organ  and  its  retractor  muscles.  Where  the 
foot  is  broad  the  ganglia  remain  separate,  and  are  merely 
connected  hy  a  commissure.  But  where  the  foot  is  soDall 
and  narrow,  as  in  the  Mnagel,  the  two  ganglia  beconia 
fused  into  one  (fig.  23.  j)). 

Somo  of  the  sppoial  seuaea  are  umiiiestionably  repre- 
sented amongst  these  headless  ilollusks,  though  the 
distribution  of  the  different  organs  is  vejy  peculiar. 
Thus  in  Pectcn,  Pinna,  Spondylus,  OstriEa,  and  many 
other  genera,  Tery  distinct  and  often  pedunculated  ocelli  aro 
distributed  oTer  both  margins  of  tbe  '  pallium^  or  mantle. 
These  vary  in  number  from  forty  to  two  hundred  or 
more,  and  are  in  connection  with  distinct  branches  of  tbe 
circnmpallial  nerves.  In  the  RiLzor-fiBh,  Cocklej  Yenua, 
And  other  bivalves  possessing  prolongations  of  tbe  mantle 
known  as  '  aiphon-tubes tbe  ocelli  are  situated  either  at 
tl)e  base  or  on  tbe  tips  of  the  numerous  small  tentacles 
arranged  round  the  orifices  of  these  organs.  And  these 
parts,  in  such  bivalves  as  hve  in  the  sand,  are  often  the 
only  portions  of  the  body  which  appear  above  the  surface. 
The  margins  of  the  mantle  arc  also  garniahed  by  a  number 
of  short  though,  apparently,  very  sensitive  tentacles,  in 
which  the  creature^s  most  specialized  sense  of  touch  seems 
to  reside. 


76  TDE  NEETOrS  STSTEM  OF  IfOU.USCS. 


Some  of  these  Uetile  sppendagBO,  as  weU  u  amne 
tbe  ocelli,  send  their  nerres  to  the  bfm&clual  gftii|^im» 
while  others,  sibutod  on  tbe  Mterior  bovdera  of  tbe 
MDtle,  send  fiUments  to  tbe  hhlal  ganglia.  Tbe  Utter 
also  recetre  fitaments  from  the  so-caQed  tabiat  appen- 
dages, whose  foDcUoQ  is  oncertaiD,  though  it  has  heen 
suggested  diat  ther  may  be  organs  of  taste  or  smelK 
Lastly,  is  close  relatioo  with  the  pedal  ganglia  of 
ganglioii,  there  are  two  mmote  EacEolcs  ^fig.  2^,  to 
which  an  anditoiy  fanctioo  is  nsoaUr  ascribed, 

Tbns  we  tind  amongst  these  headless  Mollasks  a  distri- 
bution of  specially  impressible  paits  or  sensory  oigans. 
Bach  as  cannot  be  paralleled  itmong  any  other  animals* 
The  fuucUous  which  we  shall  ^od  pertaining  to  tbe 
*  brain '  in  other  creatures  are  in  them  distributed  in  a 
rery  remarkable  roaoner — so  that  such  organisms  may 
be  said     be  braittless  as  well  as  headless* 

The  Pteropods  constitute  another  interesting  daas  of 
Moiltitiks.,  which  lead  ns  on  from  the  comparaitveiy 
alaggtflh  LftineUibranchs  to  the  Ga&teropods  and  the 
Cephalopoda — organisms  which  possess  definite  and  wide- 
reaching  powers  of  locomotion,  as  well  as  a  distinct  head 
carrying  sense-organs  and  a  more  or  less  developed 
brain « 

Tbe  posHes&ion,  by  many  members  of  this  class,  of  two 
fin-like  manculAr  expansions  attached  to  the  side  of  tbe 
heud  indnced  Curier  to  give  them  the  alwye  class  namo« 
According  to  Owen,  **  All  the  species  of  Pteropoda  are  of 
■mall  sisEC ;  they  float  iu  the  open  sea,  ofleti  at  great 
difttances  from  any  shore,  and  aerre,  witJi  the  Acalephie, 
to  people  the  remote  inicts  of  the  ocean.  In  the  latitndes 
siiiUible  to  their  well- being,  the  httle  Pteropoda  swurna  lu 
incredible  numbers,  so  as  to  discolour  the  surface  of  the 
sea  for  leagues;  and  the  Clio  and  the  LimacLna  con- 
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Btitiitc,  in  tlie  DoilLcni  Beas,  the  priucipal  article  of  food 
of  the  groat  wLftlos." 

Some  of  the  least  highly  orj^aiiiaeti  members  of  this 
class,  such  as  the  Hyalleidre?.  possess  a  hivalve  shell,  and 
no  distiDct  head  ;  but  in  other  Fleropoda  devoid  of  a  sliell, 
we  meet  with  a  higher  organiKation,  Thus  \u  Clio  there 
is  a  diKtinct  head  hearing  seoaory  appendageHj  in  the  form 
of  two  tentacula  and  two  eyea,  and  containing  *  a  hraiu  * 
within*  The  hrain  18  represented  by  two  connected  gangUa 
above  the  ojsophrigus,  whit^h  are  in  relation,  by  means  of 
ingoing  nerves,  with  the  above  mentioned  sensory  organs. 
In  connection  with  another  commissure  uniting  these  two 
cerebral  ganglia  and  which  paBses  under  the  first  part  of  the 
alimentary  canal^are  two  'pedal"  and  two  *hranchiar ganglia 
pretty  close  together.  These  two  pairs  of  ganglia  exist 
separately  in  Clio  and  its  alHes,  though  they  are  combined 
into  one  quadrate  maBs  in  Hyalea*  In  Clio  two  *  auditory 
flacculea '  are  in  connection  ivith  the  anterior  *Bub-oe9opha- 
geal  ganglia — that  is,  with  the  pair  which  corresponds 
with  the  *pedar  ganglia  of  the  common  hi^^alve  MoUuaks, 

Gasteropoda  constitute  a  class  of  orffanisms  which,  in 
point  of  numbers,  can  only  be  compared  with  the  still 
more  numerousily  represented  class  of  Insects,  Their 
natue  is  derived  from  the  fact  that  tbey  crawl  by  means  of 
a  large  muscular  expansion  or  *  foot'  stretched  out  beneath 
the  viscera.  The  locomotion  of  members  of  this  elans 
may  he  said  to  be,  in  the  main,  dependent  upon  their  own 
individual  efforts,  so  that,  in  this  respect,  they  differ 
widely  from  Ptcropada,  whose  movements  from  place  to 
place  are  brought;  about  chiefly  by  winds  driving  them 
along  the  surface  of  the  water  on  which  thny  float. 

Some  Gasteropoda  are  tei  rostrial,  air-breathing  animals, 
though  by  far  the  greater  number  are  aq^uaiic  and  breathe 
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hj  meana  of  gills.  But  beinj^  all  of  tliem,  as  Prof,  Owen 
Bays,  endowed  iviLli  power  to  attnin,  sulidue,  and  devour 
organic  matter,  dead  and  living/*  we  find  tbeir  Kervou 
System  not  only  better  developed,  more  complex  and  con- 
£entr&ted|  but  also  in  relation  with  more  highly  evolved 
organs  of  special  sense  and  exploration.  This  system 
ofiers  conwidtimljle  variations  in  general  arranjreraent,  and 
as  regards  the  rtdative  poaitiona  of  its  ganglia,  thongh 
these  modilicatioQS  are,  to  a  great  extent,  referable  to 
diiferencea  in  the  outward  configuration  of  the  body. 

The  wide  difterences  in  external  form  which  are  to  be 
met  with  among  Gaateropods  may  be  well  illustrated  h 
comparing  the  Limpet  or  the  Chiton  with  the  Snail. 
Here  diOferenceu  in  habit  are  also  marked,  so  that  we 
almost  necessarily  meet  with  very  notable  variations  in  tho 
disposition  of  the  principal  parta  of  the  nervons  system. 

In  the  Limpet  two  amall  cerebral  ganglia  (tig,  24  a) 
exist,  which* are  widely  separated  from  one  another,  and 
lie  at  the  aide  of  the  essophagus.  Each 
^  il*/  1v  I  ^  receives  a  i-ather  largo  nerve  from  one  of 
M/^     the  tentacles,  and  a  smaller  optic  nerve 
A  commissure  above  the  CBaophaRns  cou 
nects  these  cerebral  ganglia  with  one 
another,  while  each  of  them  is  aim  in 
relation  by  means  of  two  d&Bcending 
-  NcrvmiB  commiasnrcs  with  n  series  of  four  con- 


1 
f 

I- 


commnn  jj^^j^gj^  ganglia  forming  a  transversely 


Synttfta  of 

Otttivr.)  A,  CeHsbmi  ari"anged  row  beneath  the  cesophagna. 
S*"*  irtdii^^Kiu!  tlieso  the  two  median  ganglia  (b) 
u,  iib*rTij«iMi  and  K  correspond  wlth  the  pedal,  wbile  the  two 
comtnifimrw :  IT.  tcntft-  extemnl  (c)  correspond  with  the  bran- 
cukr  norv,.  i,  optic  gftngUa,  though  they  are  here 

separated  from  one  another  by  an  xxu- 
usually  wide  interval. 
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However  small  and  undeveloped  the  duplex  brain  of 
the  Limpet  may  be,  this  organ  exists  iii  an  even  moro 
nidimeutary  state  in  its  claBe  itlly^  tbe  Chiton,  which  is 
about  the  moat  simply  orgauiaed  of  all  the  Oasteropods, 
H  Las  neither  tentacles  nor  cyes^  and, 
as  a  consequenco,  no  distinct  snprn- 
cEfsophapeal  ganglia  are  found  (fig.  '2o). 
'here  ir,  in  fwct,  nothing  to  which  the 
rai  *  brain  ^  can  be  appropriately  ap- 
plied. 

If  we  turru  however,  to  the  veiy 
active  Snail,  we  find  tbe  nervoua  sys- 
tem existing  in  a  tnnch  more  deve- 
loped and  concentrated  form.  There 
is  a  large  ganglionic  mass  (hg,  26,  /) 
sitnated  over  the  cesophagus,  each 
half  of  which  receives  a  considerable 
bundle  of  nerve-fibres  {/)  from  the 
eye  (b)  of  tbo  same  aide,  which  is  situ- 


Fn*.  f ft.  —  Nvrroiu  tiytt^ 
torn  of  chiton  uiarmeinliu. 

ated  at  the  tip  of  the  larger  tentacle-  e^eli°»  a«ft;;  *.  podia 
It  also  receives  another  bundle  of  ciiiai  gungUon;  i,  upper 
rves  (k)  from  the  small  tentacle  on  ^^i<f    ^v^^'f  nug 
e&ch  side^  which  has  in  all  probnliility  c«r«bmi  ebn^Lut 
ft  tactile  function.    Tho  '  auditory  sac- 
cules '  are  here  in  their  exceptional  position— that  ia  in 
immediate  relation  with  the  posterior  aspect  of  the  ganglia 
constituting  the  braiuj  though  in  moBt  other  Gasteropoda 
they  are,  as  in  bivalve  MoUnsks,  found  in  connection  with 
the  pedal  ganglia.    There  ia  one  -(^roup,  however — the 
Heteropoda — in  which  the  *  auditory  saccules*  seem  to  h& 
always  in  direct  relation  with  the  cerebral  ganglia,  as  in 
rinaria  and  Pterotrachea** 
flee  Fig.  187,  p.  ^S-t,  Gegetbaucr'a  "  Comp.  Anat  "  (Engl. 
Tranab) 


80  THE  NEUVOUS  SYSTEM  OF  MOLl.USKS. 


NaturaliBts  now  generally  admit  that  Snails  and  ih\ 
nJlies  lire  cndoweil  with  a  rudimentary  eoiifie  of  Btnell, 
tliougb  hitliprtt)  tlicyliave  heen  uuable  to  loi*ate  the  endow- 
ment in  any  pnrticular  organ  or  aarfoee-region. 

The  brain  of  Iho  Snail  is  connected,  by  nieans  of  a  thick 

corrl  or  commi?3fluro  on 
^  each  Ride  of  Iho  cdbo- 
pbn^im,  with  a  long;  and 
curved  doable  gnugliauic 
masR  (m).  This  latt«r 
body,  situated  beneath  the 
fcsMl>hfif^uH,  represents  the 
puir  of  pedal  and  the  pair 
of  l>ranchial  gnuglift  of  the 
Livaivc  Molluska.  Here 
nerves  are  received  from 
iiie  integnmpnt  and  given 
off  to  the  muscles  of  the 
foot ;  while  they  are  also 
received  and  ffiven  off  from 
the  respiratory  and  other 
orfrans. 

The  nervons  syfltem  of 
one  of  the  Nudibranch 
MoHuhIvb  has  been  repro- 
sented  in  fifr,  17,  It  is  also 
highly  developed  and  concentrated,  whilst  its  sensory  and 
motor  gntij^lia  are  iinusnally  diatinei  and  separate  from  one 
anotlien  A  somewhat  analogous  flrranf^:empnt  of  the  prin- 
cipal nervti  cenlrca  exists  in  the  Common  Slug  (f]g*27),  only 
here  the  motor  ganglia  of  the  two  Bides  are  fused  together, 
as  in  the  Snail,  instead  of  being  widely  separated  as  id 
Eolifi  and  its  alliee.  They  consequently  occupy  an  inferior 
rather  than  a  superior  and  lateral  position  in  regard  to 


Via.  Sa>— tloid  Uld  Nen.  1-  -v-mi 
thet'otnnion  Gftirlieii  SwfcU.  i .  Vcre- 

bml  K^ngllJi.  recelvinit  flPTrea  from  ■iniUlnr 
In)  sn<j  Ir^Tm  }argiiT  ttnUdet  bcajiujf:  ooulli 
{Al ;  lit,  nil>^scip1iAseal  ^nglEuHc  iriiiM. 
rttimwebUng  n  pnlr  vt  pediiJ  And  n  fwir  of 
hraticbLol  g;injilti^  Two  ot  »be  telitwcliyt  am 
re]in»Kintcd  lii  dLJTcrent  vUtas  of  nitr»f  tiob. 
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the  tpsopbagufi,  The  iirnnchiul  fjanglia  nre,  moreover, 
fused  with  thoni^  instead  of  vdih  the  cerebral  as  they  are 
in  EoHh. 

The  nervous  system  in  the  Cephalopods  preBenIa 
many  peculiaritit^s,  which  can,  however^  be  only  very 
briefly  referred  to  here.  Owing  to 
an  extreme  amount  of  shortening 
of  thoir  commissures,  the  principal 
gauylifl  are  closely  agj^regated  in  the 
head.  The  nervous  system  is,  in- 
deed, more  concentrated  and  com- 
plex than  in  other  Mollnsksj  and  the 
animals  themselves  are  notable  for 
the  higli  degree  of  development  of 
iiome  of  iheir  sensory  organs  as 
well  as  for  their  great  powers  of 
locomotion - 

The  body  of  the  Pearly  Nautilua, 
contained  within  the  last  chamber  of 
its  coiled  and  loculated  shell,  is  en- 
veloped by  a  muscular  mantle  open 
anteriorly,  round  tho  heatl  and  its 
numerous  aensory  appendages.  Ac- 
coriJing  to  Owen,*  **  the  number  of 
tentacles  with  which  the  Pearly 
Nautilus  is  provided  amounts  to  no 
leas  than  ninety,  of  wbit.'h  thirty- 
eight  may  he  termed  digital,  four  ophthalmic,  and  forty- 
ei^^ht  labial."  Tlie  eyes,  not  so  well  developed  aa  in 
the  Cuttle-fish,  are  also  in  relation  with  smaller  optic 
gauglift  (fig.  0  o).  Near  them  are  two  hollow  bodies, 
regarded  by  Valenciennes  as  olfaotory  organs,  the  noiTes 
from  which  join  the  same  ganglia.    The  situation  and 

♦  "  L^turcs  on  Cotnp,  Anat.  and  PHyeiol  of  fiivert.,"  p.  581. 


Fig.  27, — XvTVDiLtSjitem  of 
tho  Couukuij  6lu^  Itfiolly  ftfC«r 
B»ly.)   A  A.  CcrcbrmI  gwiglln  ; 

pcxIuJ  (pU^liA  fu^d  intit  itUA 
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relations  of  auditory  organs  in  this  animal  have  not  b^n 
definitely"  aettleiL 

In  regard  to  organs  of  taste  and 
tonchj  Owen  Tvritea  as  follows, — 
"  The  complex  and  well  dereloped 
tongue  of  the  Pearly  Nautilua  ex- 
hibits in  the  pftpillsD  of  its  anttrior 
lobes  and  in  the  aaft  ridges  of  its 
root  the  requisite  atructure  for  the 
exercise  of  some  degree  of  taste  : 
.  ,  .  the  sense  of  touch  must  be 
Bpecially  exercised  by  the  numer- 
ous cephalic  tentuelca,  wLicii,  from 
their  Boftness  of  texture,  and 
especially  their  Laminated  inner 
surface,  are  to  be  regarded  as 
organs  of  exploration  not  less  than 
as  organs  of  prehension."  The 
nerveaof  these  tentacles,  must  be 
both  9ensoi7  and  motor  ;  they  are 
in  connection  with  a  hirge  double 
gangliouia  mass  {h  b)  situated 
beneath  the  oesophagus  but  in 
front  of  the  other  snb-cDSophageal 
ganglion  (c  c),  which  is  thought 
by  Owen  to  represent  *'the  homo- 
logiies  of  both  the  branchial  and 
pedal  ganglions  in  the  inferior 
M^ollusca/^  The  latter  paira  of 
ganglia  are  clearly  combined  in 
function,  since  the  locomotians  of 
the  Nautilus^  like  the  much  more 
rapid  locomotions  of  other  CepliA' 
lopoda,  eeem  to  be  priuetpally  effected  **  in  a  sacrssaioD 


— Nerroud  Sysbeni  of 
Pcarlj?  NftUUlua.  (Gogttnbiiuar 
■((w  Oflron.)  a  a,  Uerabnl^h' 
jnlKcODfltitutingUie  bmta  ;  do, 
Ttic  giD^Ila  ia  QomtiiuDlcutl£m 
with  eorcbral  s^n^lio,  which  iira 
kWi  runti^TL'tcti  with  ft  tdwer  puig- 
llpntc  tiuua(£'  ncttrlng  MrvcB 
(<  f }  from  tba  tunUcloa  and  othur 
puU  tbout  U»o  moutK  tnrtty 
and  pHrtly  motor.  Tha 
•webnU  ffiunffllA  am  in  addition 

tittod  to  ft  |W*t*rtOT  ftlltHtWi- 
biig«itl  mui  {c  e),  t*upjK>iicnl  to 

rcpreAonl  i  pair  of  ftedA  im4  % 
piir  of  bmnchlftl  gim^lift.  m  m, 
Hotor  norTc«:  d  tt,  briDclilAl 
iwrTM  Mid  gftDglLft. 
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of  jerks,  occasioned  by  the  rcftction  of  the  respiratory 
currents  upan  tbo  surrounding  walcr  "—these  currenta 


1,  Doable  •\)j»K-4Hr>pba^Hl  ^puigliou  dtivolupod  from  uppvr  cornmiraurtr ;  ^  ^»  mfc 
mrfuw  of  the  cartUn^naaa  Draniusi ;  S  2,  optle  gan^UM  \  i  4,  poAterior  Kitb-tttw^ 
ptufml  fmi^ia  (Kotcniar  nib-ceiciphiigfrAl  ganglia  lu  counectloD  tiIIU  norreB  of  feat 
imd  ton  tad  e»,  0  0^  not  seen  In  thin  tI«w)  ;  T  Kai  guinglta  In  ponnoctlDn  witli  the 
phAimx  uid  mouth,  conn 6C tod  by  nerres  [5  &)  wUb  tliii  curehnil  lobcn  ;  IS'  IB,  grmt 
tootuT  nerra,  of  the  inuitlo  and  otbcr  parts,  wUh  v^^'  tlititr  gnnj^Un  ;  li,ee,  rciipinitoi? 
bom* :  t  K  tmoll  tuborfllea  In  cdddkUciii  ittrh  opck  g:ftiiglliL 

being  prodaceJ  hy  the  oxpulRive  cotitrflctions  of  a  poTvei-ful 
iDnsculur  funnel  contmnous  with  a  portion  of  the  mnutle. 
In  the  Cuttle-fish  one  of  the  moet  striking  charncter- 
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istics  of  the  principal  uetre-centres  is  the  fact  of  the  exist- 
ence of  a  very  large  optic  ganglion  (fig.  29,  on  each 
Ride,  in  connection  with,  an  extremely  well-developed  eye. 
Each  optic  lobe,  according  to  Lockhart  Clarke,  is  '*  as 
large  as  the  rest  of  the  cepbalio  ganglia  on  both  eidea 
taken  together.'*  From  each  of  these  lobes  an  optic 
peduncle  passes  inward  to  join  a  Hupra-ce.sophageal  gan- 
glionic mass,  which  bears  on  its  surface  a  large  bilobed 
ganglion  (i),  thought  by  Clarke  to  be  homologous  with 
the  cerebral  lobes  of  fiahes.  It  is  connected,  by  means 
of  two  short  cords,  with  a  much  Bmaller  bilobed  ganglion, 
known  as  tho  pharyngeal  (t).  This  latter  ganglion  re- 
ceiveH  nerves  from  what  are  presumed  to  be  the  organs  of 
taste  and  smell,  and  gives  off  nerves  to  the  tongue  and 
powerful  parrot-like  jaws  with  which  the  creature  is  pro- 
vided. 

The  supra-cesophagcal  mass  is  connected  by  cords,  at 
the  sides  of  the  cDSophagus^  with  a  very  large  ganglion 
lying  beneath  it  {*),  which  is  partially  divided  into  an 
anterior  and  a  poKterior  division,  Tho  anterior  division — • 
regarded  by  Huxley  as  in  part  homologous  with  the  pedal 
ganglia  of  lower  Mollusks — is  in  relation  by  means  of 
large  nerves  (b)  with  the  feet  and  tentacles.  A  com^ 
miasure  also  unites  it  with  the  pharyngeal  ganglion,  so 
that  the  tentacles  and  arms  are  thus  aide  to  be  brought 
into  correlated  action  with  the  jaws.  The  posterior 
portion  of  the  sub-CDsophugeal  mass  receives  nerves  from, 
and  also  gives  off  nerves  (i*)  to,  the  branch  iaa  and  other 
viscera,  as  well  as  to  the  muscular  mantle  (la,  la). 

The  '  auditory  saccules  *  and  their  nerves  are  connected 
wUh  this  great  bnmchio-paMial  ganglion.  These  organs 
are  lodged  in  the  substance  of  the  cartilaginous  framework 
{p  p)  investing  the  nerve-ganglia — a  structure  which  seems 
to  answer  to  a  ruditaentary  akuU  or  cranium. 
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The  loGomotions  of  Cuttle-fishes  are  largely  brought 
about  by  contractions  of  the  palUal  chamber,  though  these 
same  contractions  of  the  pallium  ai-e  also  sulmervient,  as 
in  the  Nautilus^  to  the  respiratory  function. 

The  large  share,  therefore,  which  the  hranchio-pflllial 
ganglia  tsike  in  hringiog  ab[>nt  and  re^ulatiag  the  movo- 
menfca  of  these  animals,  would  Hoem  in  part  to  explain  the 
counrctioii  of  the  'auditory  eaccujea^  with  them,  since  in 
the  great  majority  of  other  MoIIusks  in  which  these 
organs  are  known  to  occur,  they  are  found  to  be  iji  primary 
relation  with  the  principal  niotor  centres*  Whatever  may 
lie  the  full  explauation  of  these  remarkable  relations,  tli© 
fact  remains  that,  even  in  the  Cnttle-Fi^h  tribe,  the  anper- 
£cial  connections  of  the  ao-eaI1cd  *  auditory  saeculcs,^  are 
ill  away  from  the  brain. 

5 


CnAPTETl  V. 


THE  HERVOUS  SYSTEM  OF  \'EnMES, 

Nothing  distiuctly  answering  to  a  Brain  ia  to  be  found  i 
flome  other  of  tlie  lowest  animals  in  whioh  a  nervous 
system  exists.  It  is  tlius,  for  instauco^  Aviih  Star-fishi^a 
and  tliB  larger  Nematoid  Entozoa.  What  most  nearlj^ 
resemlik^  sach  an  or^an  in  Star-fishea^  consists  of  a  mei^ 
band  of  nerve  fibres,  sLiri'ouniling  the  commencement  of 
the  oesophagus,  and  containing  a  few  nervc-cells  partly 
between  its  fthvm  aiid  partly  in  groups  slightly  removed 
therefrom.  The  absence  of  any  distinct  ganglia  in  the 
neighbourhood  of  the  mouth  is  doubtless  due,  in  the  main, 
to  the  forni  of  these  animals,  and  theh'  low  type  of  organi- 
Kation.  Each  arm  or  ray  contains  ita  own  nervous 
system,  so  that  the  ring  or  baud  round  the  mouth  seems 
to  be  little  more  thuii  u  commissure  connecting  Bueh 
otherwise  distinct  parts  of  the  common  system.  These 
Echinodcrms  aru,  however,  here  only  incidentally  re- 
ferred to* 

In  the  hirger  parasitic  Nematoids  the  nervous  s^^stem  ia 
more  concentrated.  The  esophageal  rin^  and  imme- 
diately adjoccnt  parts  constitute  ahnost  all  that  is  as  yet 
known  of  their  nerxms  system,  but  it  contains,  or  is  in 
relation  with^  a  larj^er  number  of  ganglion -cells  than 
the  Bimilar  part  in  Star-fishes.  Thus,  in  addition  to  the 
cells  intermixed  with  the  fibres  of  the  ring  itself^  there  ara 
five  OP  six  groups  adjacent  to  and  in  conneetion  with  it. 
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which  receive  fibres  from  certain  lai-ge  papillsB  Hiirrounding 
the  mouth.  These  papillro  would  seem  to  be  the  pnucipal 
sensory  orfransof  the  Npnintoid.  By  meftus  of  the  connect- 
ing nerve-fibres  and  gatigl ion- cells  they  are  brouglit  into 
relflition  with  the  nervoas  ring,  and  fmrn  thif^  latter  out- 
going fibres  are^  doubtless,  given  oflF  to  the  four  great 
longitudinal  musculiir  bauds  by  which  the  moreiueuts  of 
the  orgiitiism  are  effected.  The  distribution  of  such  motor 
nerve-fibres,  however,  has  not  been  distinctly  traced. 

The  absetjce  of  ffangUonic  swellings  on,  or  in  conneo- 
tiou  viiLhj  thu  03sophflgeal  ring  of  Nematoids  is  probably 
dependent  upon  tbe  comparative  simplicity  and  limited 
number  of  tbe  impressions  capable  of  being  received 
through  thc'ir  cephalic  papillie. 

Among  other  representatives  of  tbe  sub  -  kingdom 
Yermes.  the  neiTous  systeni  varies  a  good  deal  in  minor 
details,  in  accordance  with  the  degree  of  organization,  and 
with  the  diversity  of  the  senaory  and  locomotor  endow- 
ments of  tbe  several  organisms.  The  broad  features  of 
the  nervous  system,  however,  are  comparatively  aimOar 
in  all — especiaUy  in  the  most  typical  repreaentativos  of 
this  sub-kingdom,  which  contains  so  many  aberrant  typeB. 
Only  a  very  few  forms  will  be  here  referred  to. 

The  Ncmerteana,  a  class  of  marine  worms,  possess 
a  very  simple  nervous  syf?tem-  They  have  soft,  un- 
Begmentrd,  and  highly  contractile  bodies,  covered  w4th 
cilia,  but  arp  otherwise  wholly  devoid  of  all  external 
appendages.  On  the  anterior  extremity  of  tbe  body,  a  little 
posterior  to  the  mouth,  two,  four,  or  more  specks  of  pig- 
ment are  met  with  (fig.  30,  e),  which  are  coujectured  to 
servo  the  pui-pose  of  rudimentary  ocelli ;  and  whilst  the 
animal  ia  moviug  from  place  to  pliice  this  anterior  part  of 
its  body  doubtless  acts  also  as  its  principal  tactile  surface. 
Nerve-tibres  procood  from  thcee  regions,  and  couvergc  so 
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as  to  fonn  three  or  four  nerve-trunks  on  each  side,  wliic 
enter  a  comiJiLrativcly  large  compouud  ganglionic  mass 
(flj  a)  lying  on  tLe  lateral  aspects  of  the  sheath  of  the 
proboscis.  Etich  of  thcBC  masses  is  pyriform  in  shape,  and 

composed  of  ei  sensory  md 
a  motor  gftnghon  fused  into 
cne.  It  is  Connected  with 
its  fellow  hy  means  of  two 
commissures,  one  of  which 
passes  over,  and  the  other 
beneath,  the  proboscis. 

It  is  difficult  to  trace  th 
ultimate  distribution  of  t 
nerve-fibres  in  these  crea- 
tures ;  ^0  tbat,  although 
fibres  can  be  followed  nearly 
up  to  the  pigment- spots, 
none  have  been  detected  in 
immediate  continuity  there- 
\nth.  The  inferior  com- 
niiasure  (c)  between  the  two 
ganglionic  masses  iti  shorter 
and  much  thicker  than  the 
upper.  The  two  great  late- 
ral nerve- trunks  d)  start 
from  the  gangliftf  and,  p 
ceediii^^  alou;z  tbe  eidee  of  the  body,  give  off  nniiierous 
branches  to  the  longitudinal  and  circular  muscles  hetweeu 
which  thoy  are  situated. 

Tactilo  atjd  possibly  gustatory  impressioug,  togeth 
with  iniprePsions  produced  by  light  or  darkness,  doubtless 
come  from  the  anterior  extremity  of  the  organism  to  the 
anterior  part  of  the  pjTiform  ganglia  on  either  Bide  ;  and 
are  thence  reflected  from  the  posterior  pai  ts  of  these  bodies 


Pi«.  !*a  — f  lead  imd  Dmln  of  a  ItoTneH^avn. 
{Ttlreutt ttinin  tiitiuniKrpkaJa.'li  p,  Cum- 
pouud  IntvrAl  ^gUw :  \  aurow  iippor 
ciiinniluuro  hatwecn  vrhleh  and  the  mucb 

Ifiia  ituMcni ;  'I,  >i,  (bo  gmmt  IntornI  ncrre 
cardH :  t,  t.  v\xmmV  ■pots,  or  itKllrrmtKrr 
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along  related  channels  in  the  great  cflfercnt  bundles,  the 
fibres  of  which  proceed  to  the  contractili?  prohoscis  and 
also  la  the  mnsules  on  on©  or  both  sides  of  the  body. 
Other  depai'tnients  of  the  nerrous  system  may  exist  in 
these  ftnimiilft,  thongh  ils  yet  none  have  been  detected, 

In  the  common  Medidnal  Leech  the  nervous  system  is 
fioracwhat  differently  developed.  The  lateral  gangli«  of 
the  NemGrtidas  are  replaced  by  two  sniall 
tipper  gang-h'u  (fig.  31,  rt),  connected  by 
lateral  commissures  with  a  single  lower 
ganglion  (c)  ;  and,  atj  a  consequence  of  this 
eoalescenee  of  the  two  sub-ctHopliugeal  gan- 
glia, we  have,  instead  of  the  two  lateral 
cords  of  the  Nemertidji?,  a  double  ventral 
nervons  cord  traversing  iLe  whole  length 
of  the  body.  The  two  cords  approximate  so 
closely  as  to  be  almost  fused  into  one,  and 
they  bear  a  acriea  of  ganglia— one  for  every 
three  or  four  of  the  segments  into  which  the 
body  of  the  animal  in  obseurely  divided. 

The  bilobed  ganglion  above  the  oesoifha- 
giis,  which  is  mainly  sensory,  receives  fibres 
from  the  tactile  lips,  logetber  with  ten  dis^ 
tinet  filaments  from  na  many  pigment- spots 
or  ocelli  {/;  b}^  situalt'd  round  tlie  margin  of 
the  npper  lip.  From  this  bilobed  ganglion, 
corresponding  with  the  brain  proper  of 
higher  finimala,  a  cord  descenda  on  each 
fiide  of  the  cesophagus,  and  the  two  join  the 
heart-shaped  sub-cesopliageal  ganglion  (c), 
from  which  efferent  nerves  are  given  oif  to 

Ftn.  9L— X«rvoi)9  3tb1«™  ot  the  MedlciiiAl  IjMch.  (Owim.)  tn,  Ddiblo  «apm- 
amtpb*gtAl  gtngliou  connected  by  ucrTHn  with  ft,  \  rudlmentnry  oe*Ul ;  tb»  doiiblt.- 
laFtK^awophR^ml  ccMti|;lio!ifc3  man,  wbieh      cnuMnuom  viltin  Lta  double  v^ntri*! 
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the  muscles  whose  busluesa  it  is  to  move  its  three  saw- 
like  Jaws,  as  well  aa  to  the  muscles  of  the  oral  Bncker, 
This  lower  ganglion  is  in  part  analogous  to  the  '  me* 
dulla  oblongata  '  of  Tertebrate  animals.  It  is  eontinnon 
with  the  doable  centra)  cord,  on  which  twenty  equidistant 
rhomboidal  ganglia  are  derelnped.  Each  of  these  ganglia 
gires  off  two  nerves  on  either  side,  whose  branches  are 
diatributed  to  the  parictes  and  the  muscles  of  adjacea"^ 
Begments, 

In  ihia  animal  a  simple  filament  is  also  glTen  o^T  fro 
the  posterior  part  of  the  supra-ceaophageal  ganglion,  which 
is  distributed  along  the  dorsal  aspect  of  the  aliineniarj- 
canal.  It  foreshadows  an  important  system  of  fibres  ' 
higher  animals,  corresponding  partly  with  the  pneom 
gastric  nerves,  and  partly  with'the  *  sympathetic  system*' 
As  it  exisiS  amongst  the  Inrertebratei  it  is  known  as  tho 
'  stomato-gaatric  system '  of  nerves.  In  other  membera 
of  the  invertebrate  series  it  frequently  takes  origin  from 
the  commissures  connecting  the  upper  and  lower  oeso- 
phageal ganglia^  rather  than  from  the  upper  ganglia  the:is 
selves.  In  some  of  the  worms,  in  which  such  an  ar- 
rangement exists,  the  stomato-gastric  system  is  aUo  mord 
complicated. 

In  the  Earthworm  the  body  is  composed  of  a  tnultitnda 
of  ring-like  segments,  provided  with  lateral  setiB  which 
the  animal  calls  into  play  during  its  subterranean  loco- 
motions. It  possesses  no  distinct  ocelli,  and,  having 
regard  to  its  mode  of  life,  this  is  not  surprising* 

The  Bupra-cesophageal  gangha,  which  together  represent 
the  brain  of  the  Earthworm,  receive  a  nerve  trunk  on  each 
side,  composed  of  fibres  coming  from  the  tactile  upper  Up; 
and»  as  no  sensory  filaments  of  a  different  order  are  known 
to  be  immediately  connected  therewith,  the  functions  of 
the  brain  in  this  animal  must  be  comparatively  simple. 
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The  lip  is  regaitleJ  as  nu  organ  of  toucL,  but  it  is 
equally  probftble  tliat  it  ig  capaWe  of  receiving  more 
spetrittl  itupressioiis  representing  rudimeutBry  tastes.  The 
sepciratiou  Lctweeti  tbcse  modes  of  sensibility  in  sacli  low 
organiama  is  probably  somewhat  indetiuite. 

The  double  ventral  cord  has  n  fibrous  structure  along 
its  upi)er  aurfuce,  whiltit  below  there  is 
an  irrei^aikr  stratum  of  gaij<?lioii  celltj. 
These  cells  are  moro  abundant  about 
the  centre  of  each  body-segment,  so 
that  tiu;ir  ajrgregation  gives  rise  to  n 
series  of  radiiueutary  ganglia  in  thefie 
Bituations,  From  every  one  of  the 
gnngliouic  swellings  two  nerves  are 
given  off  on  each  side ;  whilst  a  third 
pair  i:*sues  from  the  cord  itself,  just 
anterior  to  the  ewelh'ng,  and  is  dis- 
tributed along  the  uutcrior  boundunoa 
of  the  segment.  In  Serpnla,  one  of  the 
Bmall  lulie-dwelling  marine  worma»  the 
\entrftl  ganglia  are  aI«o  very  minute, 
and  those  of  the  two  eides»  together 
with  the  ventral  cords,  lie  some  distance 
apart,  and  are  connected  by  a  series  of 
coromissures  (fig.  32»  b\.  In  this  dis- 
position of  the  great  Kervous  cords  we 
have  something  intermediate  between 
their  lateral poBttion  in  theNemerteans, 
and  their  contiguous  mid-ventral  posi- 
tion  iu  the  Leech  and  the  Karthwarra. 
As  in  the  Utter,  so  in  Serpula,  the  aflTerent  nerves  enteriiag 
the  brain  (f)  seem  to  be  in  the  main  tactile. 

The  eesophageal  ganglia  in  the  Earthworm  are,  propor- 
tionately to  the  rest  of  the  nervous  sy&temj  niuch  smaller 


tain  of  Strymia  c-t'tfn'tu- 
(i'Uktnttget.)  a,  Su-ptA-oav 

mntiir  bufcal  rmres ;  (,  t»c- 
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than  in  tho  Neraerteaos  ;  nnd  this  is  porLaps  due  in  groai 
part  to  the  existence  in  it  of  the  numerous  aegmBctal 
gftiigiia,— structures  which  aie  absent  in  tlie  above-meu- 
tioned  marine  worms.  The  movements  of  the  Nemer- 
teanSj  like  those  of  the  Nematoids,  are  probably  much 
more  exclusively  under  the  control  of  the  cesophageal 
ganglia  than  are  those  of  the  segraented  Earthworm — in 
which  each  of  the  body  f^anglia,  doubiless,  has  much  to  do 
with  hrin^dng  about  the  contraction  of  its  contiguous 
musclGS  iu  the  same  segment. 

The  Earthworm  has  a  more  complex  visceral  structure 
than  is  to  be  met  with  among  the  Nemerteaus;  and  it 
pr&aenta  distinct  evidences  of  a  nervous  interconnection 
between  its  internal  organs  and  some  of  the  principal 
nerve- centres*  Lockhart  Clarke  has  describedacomplicated 
ganglionic  network  an  each  side  of  the  CEsophagus,  starts 
iug  from  the  lateral  commissures  and  sending  prolonga- 
tions to  Hie  iutestine  and  other  parts.  By  means  of  thia 
principal  viBcoral  system  of  nerves*  the  internal  organs  are 
brought  into  relation  with  one  another,  and  with  the 
nervoua  system  of  animal  life — that  is,  with  those  parts 
of  it  having  to  do  more  especially  with  the  relation  of  tha 
organism  to  its  medium. 
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TITE  NEUVOUS  SYSTEM  OF  iUTHROrODS. 

Tef.  next  Buh-kingJom,  Arthropoda,  comprises  the 
Mynapoda,  Crustucua,  Spiders,  and  Insects.  They  are  all 
(bliaraoterized  by  the  poaseHsion  of  hollow  aud  joiuted 
orgauH  of  locomotion  providi'd  with  distinct  imiscloii, 
instead  of  the  mere  lateral  setiB  or  bristlea  often  met  with 
AmongBt  Yermea*  The  lowest  types  of  these  TarionB 
classes  possess  a  nervous  system  cloHcly  analogous  to 
that  of  the  various  kinda  of  Worms  ;  but  in  the  higher 
kinds  of  Crabs,  Spiders,  and  Insects,  we  meet  with  ft 
great  increase  in  the  complexity  of  animal  organiisation, 
and  this  further  complexity,  as  might  have  been  expected^ 
extends  to  the  nervous  system. 

Among  Insects,  for  example,  the  rcRpivntnry  organs 
assume  a  marrcllous  degree  of  elaboration,  and  the  develop- 
ment of  this  system,  together  with  a  correlaUd  organiza- 
tion of  their  nervous  and  muscular  systems,  contribiiteft 
greatly  to  confer  upon  these  denizens  of  the  air  those  enor- 
pnons  powers  of  locomotion  for  which  they  ai'6  remarkable. 
But  the  acuteness,  diacriminative  power,  and  structural 
elaboration  of  sense-oigans,  is  almost  sure  to  be  greatly 
increased  in  creatures  endowed  with  such  activity ;  and, 
looking  to  tho  constitution  of  the  Brain  as  well  as  to 
the  nature  of  the  *  intelligence  '  of  these  lower  animals,  it 
may  easily  be  conceived  that  increased  Rensorial  activity  is 
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likely  to  be  associated  with  greater  brain  development  and 
with  higher  or  more  comple:!  brain  functions. 

Atnong  the  tower  Myriapods,  such  as  lulus  and  Geophi- 
\\i^y  in  which  the  limbs,  thougli  very  nuinerouBj  are  feeble 
and  ill-duveloped,  the  nervous  system  exhibits  only  a 
slight  advancQ  oyer  the  forms  which  it  prosents  among 
the  hisher  Anneilida.  In  lulua  (fig.  83)  the  single 
abdominal  cord  ehowB  nlmafit  no  traces  of  ganglionic 
swellings,  owing  to  the  great  number  of  the  small  Derves 
given  off  on  each  side,  along  its  entire  length,  which  are 
diatribuled  to  the  hundreds  of  small  segments  entering 
into  the  composition  of  the  body- 


7w  S8.  -Anterior  pRrt  of  th^  Norvcw  Syttem  of  luliw  (Owen),  a,  a,  Ombnl 
^D^tu;  c,  c,  optic  tiarvet;  <t,  d,  antennal  nn-w;  b,  ticrfea  of  tho  pat|]iB>l 
rivui<n^)loK  ;  p,  CBsnphagBnJ  mrdi ;  *,  /,  itoniAto-itafltric  uDrrc* ;  A,  mutor  u^rTo*  to 
thu  mnxlIUp.  profeoding  from  the  ptrt  which  oommpoiidft  with  the  stib-oeaophagfltL 
gruifUAi  hero  fiuiod  with  i,  i,  thm  mitml  cor 4. 

The  brain  («,  a),  elongated  transversely,  is  divided  by  a* 
slight  median  farrow,  and  is  oontinnons  with  the  short 
and  thitik  optic  nerves  (e,  c).     Two  separate  nerves 
are  received  from  the  autennte  on  each  side  (f^  rf),  below 
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and  iu  froat  of  the  optic  aerves  ;  whilst  nearer  the  middle 
line  two  other  nerves  on  each  flifte  (h)  are  in  relation 
with  the  palpless  mandihiea.  The  thick  cesophageal 
rda  (g)  are  continued  from  the  posterior  and  inferior 
anpries  of  the  brain  ;  and,  as  they  descend  to  enter  the  me- 
dullary or  8iib-a^saphageftl  ganglion  at  the  commencement 
th6  abdominal  cord  (i,  i),  they  are  united  by  a  eroas 
branch,  as  in  many  Crustacea  (fig.  36).  From  this  snb- 
ODsophageiil  ganglion  hirge  nerves  are  given  off  on  each 
side  [h)  to  suppU'  the  maxillsB  and  other  parts  about  the 
mouth. 

"  The  stomftto-gastric  nerves,  which  arise  from  tlie 
aterior  part  of  the  brain  immediately,  form  a  third 
Blender  ring  (e)  about  the  oDf30phagus,  from  the  middle  of 
the  upper  part  of  which  the  trunk  of  the  stomHto-gastric 
system  {/)  is  continued  a  short  way  back  upon  theslomach/' 
when  it  divides  into  two  branches  which  '*  bend  abruptly 
backwards,  and  run  paralld  with  each  other  along  the 
dorso-lateral  parts  of  the  wide  and  straight  alimentary 
canah"  (Owen.) 

In  the  mors  poweifnl  predatory  Myriapods,  of  which 
the  common  Centipede  may  be  taken  as  a  type,  a  distinct 
advance  is  met  with.  This  carnivorous  creature  baa  a 
smaller  numbor  of  better- developed  hmbs,  and  its  nervous 
Bystem  closely  resemblee  that,  found  amongst  the  larvm  or 
terpillars  of  higher  Insects  (fig.  39).  The  eupra-cesopha- 
gftiiglia,  or  brain,  receive  nei-veB  from  the  two  pairs  of 
auteunsD,  and  from  the  groups  of  ocelli  on  each  side  of  the 
head.  They  are  connected  by  OGBophageal  cords  with  a 
bilobcd  infra-  cedophugenl  ganglion,  which  distributes  nerves 
to  the  jaws  and  other  parts  about  the  mouth.  This  bilobed 
iiifra'Ceaophageal  gauglion  is  the  first  and  largest  of  a 
series  of  ventral  ganglia,  numberiug  about  twenty,  which 
are  connected  together  by  a  double  ventral  cord.  Every 
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ganglion  sends  off  lateral  nen^ea  to  a  pair  of  limbs*  Tbo 
stomato-gaati'ic  nema  are  conncctod  with  tb^  posterior 
part  of  tlie  brain  or  with  the  cesopha- 
geal  corda,  and  they  distribute  tbem- 
Relves  over  tbe  alimeiiiary  canal  in 
the  uflual  manner. 


-\moiig  Crustacea  great  <liffer- 
ences  are  met  witb  iu  the  degree  of 
concentration  of  the  ncrvoas  system, 
the  Tariations  being,  in  the  maitif  de* 
pendent  upon  difFi-rtincos  of  external 
fo rm  and  in  tbo  a r ran gemen t  of 
locomotor  nppendageSj  in  the  diflerent 
representatives  of  the  class.  In  some 
of  the  lower  terms  of  tbe  series,  such 
as  tbe  Sandhopper  and  its  allies,  in 
which  tbe  body  is  elongated  and  com- 
posed of  many  almost  similar  seg- 
ments, the  nervous  system  is  not  very 
different  from  that  of  many  Worms*. 
In  the  Sandhopper,  indeed,  tbe  ven- 
tral cords  and  ganglia  (fig.  34)  of  tho 


of    ComtnoD  Suidltupiwr 


(Ttthirua  i£wuw«>.  lOttut,)  two  sldes  of  the  body  are  separate 

gaT.giu,«chawii««ii,o  ™ni  one  another  as  they  are  m  ^t- 

8ia«otii.T^ifU»»it»<it*fd  puijj  although  the  E'anglia 

Fill,  an.-^KorYr«ui  8r-(cm  are  here  fewer  in  number  and  much 

*fCym.tI.o-  rOnLt»t,)ri.rp-  ^^^^  dlStiuct. 
urw  gJtnttw  »]mp"t  whwliy 

fthiicnt   from  mriphavMi      In  slightly  higher  forms  of  Crns- 

tutu  tacea,  however,  the  two  divisions  of 


Itnut,  atttl  unttlnif  Iwlnw ! 

H  •.il.trifl  vciitrai  «.nt,  wuh  the  originally  double   ventral  cord 

comiiMUiid  gnnglU  %X  Inter-  1*1 

T»i».  always  become  fused  together,  whilst^ 

at  the  saino  time,  the  cfjuality  of  the 
fieveral  ganglia  dimimshes.    T]ius»  in  such  forms  aa  the 
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Lobster  und  the  Crayfish,  the  ganglia  of  the  thornx,  which 
snpply  nerves  to  the  limbs,  are  distinctly  larger  than  those 
of  the  abdominnl  segments,  though  these  are  also  of 
good  siiipj  since  the  tail-Hegraonts  tive  activoly  caJkd  into 
play  during  locomotion. 

In  the  Prawn  a  further  devciofinieut  and  concentration 
of  tlic  nervous  syatcni  is  at-en.    The  thoracic  fjaugUa  are 
fused  into  a  single  elliptical  mass^  whilst 
those  of  the  abdominal  segments  still  re- 
raain  separate. 

But  in  the  ordinary  edible  Crab  (fig.  3G) 
ftud  ita  allies,  an  even  more  remarkable 
concentration  of  tlie  nervous  system  is  met 
with.  All  the  thoracic  and  all  the  abdo- 
minal ganglia  are  here  fused  into  one  large 
perforated  mass  of  nervous  matter  [r,  r), 
situated  near  the  middle  of  the  ventral 
region  of  tho  body.*  From  this  large 
and  compound  ganglionic  mass  nerves  are 
received  from,  and  given  off  to,  the  limbs, 
1o  the  abortive  tuil,  and  to  other  adjacent 
parts.  The  brain  {a)  of  the  Crab  ig  repre- 
sented by  a  rather  small  bilobed  ganglion. 
It  receives  nerves  from  the  pedunculate  I 
compound  eyes,  from  the  two  pairs  of 
unlennie,  antl  from  the  palpi-bearing  man- 
diblcB.  The  posterior  nntonntG  (or  anten- 
tiulos,  as  they  are  sometimes  termed)  eon- 
tain  in  their  basal  joint  a  body  which  is 
supposed  to  represent  an  olfactory  organ, 
though  others  have  regarded  it  (on  very 
insufficient  grounds)  as  an  organ  of  heai- 
iug.  This  small  lilobed  brain  is^  indoetl,  thought  by 
A  largo  artery  pEisst'S  through  the  apeitnre  in  this  ganglion. 


Fjo,  M.  -  Narvoujit 
Syttbrn  iirf  m  Cmb 
\Pal>  'fM  f  n  fl  f  f/ft  nt}^ 
n ,    FiiM-d   core  bm] 

ollw-'tory  (7)  norrDs ; 
h,  '>«  long  (BMjpbikgvnl 
cordu  -.  f,  J",  ijTCAt 
Tou  tntl  KBJifiUoiiLc 
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Djany  naturalists  really  to  embody  three  pdirs  of  ganglia, 
in  relation  with  three  pairs  of  Bensory  organs,  viz.,  eye?, 
tactile  anteiiDfe,  and  the  supposed  olfactory  anteuunles. 

The  brain  ia  connected,  hy  means  of  a  long  cord  on, 
each  side  (6,  b)  of  the  cesopLagiis,  with  the  anterior  ex- 
tremity of  the  p-edt  ventral  ganglion.  Nerves  in  relation 
\utli  the  or^aiiB  of  masticntiott  join  the  cords  about  mid- 
way between  the  brain  and  the  great  abdominal  ganglion, 
nnd  small  ganglia  are  to  ho  found  in  this  situutioti.  Just 
behind  these  small  ganglia  a  trunsvprse  commissure  con- 
nects the  cordn  with  one  another.  The  unusual  length  of 
the  cesophagcal  cords  is  one  of  the  most  notable  character- 
istics of  the  nervous  system  of  the  higher  Cmstacea,  and 
this  Feems  due  in  part  to  the  fact  that  the  fiub-cpsophageal 
ganglia  remain  separate  instead  of  uniting  with  out 
another,  as  they  do  in  fig.  18* 

The  '  stomato-gflstric  *  system  of  Crustacea  la  very 
similar  to  that  which  existg  in  Centipedea.  One  part  of  it 
is  given  off  from  the  cesophagcal  cord  on  each  side,  while 
another  median  branch  proceeds  from  the  poBterior  partof 
the  united  cephalic  ganglia,  as  in  lulus  (fig.  33,/),  Where 
the  main  nerve  lies  on  the  upper  surface  of  the  etomach, 
in  the  higher  Crustacea,  it  is  connected  with  one  or 
two  ganglia  from  which  branches  pass  in  the  walls  of  this 
organ.  They  send  filaments  also  to  the  right  and  left, 
into  the  liver.  This  priucipal  visceral  nerve  ia  brought 
into  communication  with  the  above-mentioned  nerves, 
going  to  the  organs  of  mastication,  by  means  of  two 
filaments  which  join  the  ganglionic  swellinga  on  the 
cesophngcal  cord  at  the  part  whence  they  issue. 

Among  Arachnida  forma  of  the  nervous  system  exist 
which  agree  in  many  respects  with  tho^  belonging  to 
members  of  the  class  last  deBcribed — especially  \t'her6 
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there  are  getseral  similai'itiea  in  the  external  configuration 
of  tbc  body.  Tluis  in  Scoi-pions  tlie  arranjzemt'nt  of 
Ibe  nervous  system  is  not  vei-y  diseimikr  from  that  met 
with  in  the  Prawn  and  ita  allies.  The  thoracic  ganglia 
have  coalesoed  with  one  another  and  with  the  anterior 
abdominal  ganglia  ;  thereby  forminf*  a  large  stellate  ner- 
vons  mass  which  supplies  the  limbs  and  the  anterior  part  of 
the  abdomen*  The  ventral  cord  tbrongbout  the  remainder 
of  the  abdomen^  and  its  caudal  prolongation,  is  marked  at 
jnteiTals  hy  a  series  of  sruall  ganglionic  SM^ellings. 

In  Spiders  proper,  the  newous  eystem  attains  its  maxi- 
mnm  amount  of  concentration.  The  bilobed  brain  (t]g.37.c) 
receives  neiTes  on  each  side  (f>),  corresponding  in  number 
ivitb  the  ocelli  which  the  animal  may  happen  to  possess. 


Carehnl  gnrrg'lij  {tAda  rlflw),  receiving  n-  rptlc  ucrv-eft,  an-l  im)  uervra  (senaoTy  nnd 
mcrtor)  fTxitn  thv  poverful  nundlblAs,  rn\  The  ctrebral  ^nifll*  are  t>odnected  hy 
very  Bhort  leiioptjagcal  entdE  With  n  laJ-^  Mclliitd  retitnl  gab^'llcni  {t\,  from  nbloh 
fira  loTjfQ  uervet  Imie  un  tmcb  »icJe  (p,  i,  ly.      mcnutfa ;  b,  cEiiuphAgiiA ;  tt,  etomach. 

It  also  receives  two  large  nervca  (mj,  which  probably  con- 
tain ontgoing  as  well  as  ingoing  fibres,  from  the  so-called 
mandibles  (m). 

Owing  to  the  suctorial  habita  of  these  fierce  and 
predatoi-y  cTeatiii*e9,  the  oesophagiis  is  very  narrow;  and 
as  a  consequence,  the  cesophageal  cords  are  very  shorty  bo 
that  the  brain  is— unlike  the  arrangement  which  obtains 
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ill  the  common  Crab  and  its  allies  (fig,  36) — quite  d 
to  the  gresii  stellate  sjsUmi'^:  ^ngUon         into  which 
are  faaed  the  representatives  of  the  snb<m9opbjigesl,  the 
thoracic^  and  the  abdominal  gangUa. 

From  this  gangUon  {fig.  SB, 
five  principal  nerresare  sent 
on  each  sido^     the  first  to  th 
pediform  maxiUary  palpi;  the 
Becond  to  the  more  pediform 
labial  palpi,  Tvhich  are  nsaally 
longer  than  the  rest  of  the  lei 
and  used  by  many  Spiders  rather 
as  instrnments  of  exploration 
than  of  loeomotLon ;  the  th 
posterior  nerves  supply  the 
naaining  legs,  which  aus^ner 
the   thoracic  legs  of  hexapod 
loHects,"    I  Owen.) 

Since    the    sub -oesophageal 
ganglia  are  in  part  analogons, 
as  already  stated,  with  the  '  me- 
dulla oblongata '  of  vertebrate 
animals,  their  fusion  ^ith  th< 
thoracic  ganglia  in  Arachnida 
&9  well  as  lu  Myriapoda,  lends, 
in  a  meaaure,  to  confirm  th 
view  held  by  some  anatonusta. 
that  it  is  better  to  reg^ard  the 
'medulla*  as  a  prolongation  of 
the  npinal  cord,  than  aa  an  in- 
tegral part  of  the  brain.  The 
artifii'ittl  line,  that  is,  which  for  convenience  is  drawn 
bctni^en  (he  hrmn  and  the  cord  tn  Vertebrates,  should  be 
]>laL*ed  at  lUv  uppur  rather  than  the  lower  or  posterior 


he  ^ 
rm 

dly  , 
her^^ 


fia.  M.— irtrrmu  ayiian  at  m 

ySmnehmrri  .i   »,  r«f<»bra]  gwicUtt  ; 
fmt*«iitml  jtKAfflkn,  'UirmsiunJIttt' 
Inff  witb  five  Urg*  nnr^M  im  mcIi 
eye*;     \«X\A\  ft'-y^,  lert; 
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boundary  of  tho  'medulla/  so  tUnt  the  latter  part  may 
be  regarded  as  the  innre  biglily  developed  poi'Lion  of  the 
spinal  cord  by  which  fasiyu  with  the  braiu  is  etructetl. 

The  visceral  nerves  are  well  developed  in  the  higher 
A-rachnidfl.  They  consist  of  one  or  two  fiiauieiUs,  on 
which  a  ganglion  may  exisfcj  in  conneetion  with  the  poBterior 
part  of  the  brain,  and  thonce  proceeding  to  the  stomatih 
and  other  internal  organs.  Thore  are,  moreover,  two  or 
three  branches  gtven  off  from  the  great  ventral  ganglion 
which,  flfter  passing  through  smaller  ganglia,  distribute 
numerous  filatneuts  to  tho  intcslines,  the  respiratory 
and.  genital  organs,  as  well  aa  other  viscera^  Tho  former 
act  may  be  io  the  main  afferent,  and  the  latter  perhaps 
principally  efferent  visceral  nerves. 

Organs  of  vision  axe  much  more  elaborate  in  Cmstaccaf 
Spiders  and  Insects,  than  among  Worma  or  Centipedes, 
And,  whilst  organs  of  touch  and  tnste  are  further  perfected, 
two  sensory  endowments,  found  among  higher  Mol- 
lasks,  seem  oIao  to  manifest  themselves.  Those  higher  Ar- 
thropods are  capable  of  being  impressed  by,  and  of  discri- 
minating, the  different  odours  of  some  subsUmces  anterior 
to  their  coutuct  with  the  mouth.  This  power  mast  mate- 
rially aid  them  in  their  '  eenrch '  for  or  recognition  of  food. 
Some  Arthropods  seem  to  be  also  capable  of  appreciating 
those  vibrations  of  the  medium  they  inhabit  which  induce 
impressions  recognizable  by  us  as  sounds  or  noises.  Still, 
in  aome  of  the  most  highly  organized  forms  of  Insects 
a  sense  of  hearing  appears  to  have  no  existence.  Much 
uncertainty,  in  fact,  exists  in  regard  to  this  sense-endow- 
ment.* Es-Lreme  sensibility  of  the  tactile  order  may 
cause  the  organism  to  display  an  apparent  seusitivenesa 
to  sounds,  A  delicate  general  ability  to  appreciate  aerial 
vibrations,  therefore,  must  not  be  confounded  with  the 
*  Sea  pp.  65  and  205. 
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more  special  auditory  peroeptioD.     On  the  other  hi 
it  is  qiiito  possible  that  sounds  not  appreciable  bj  oar 


Fm.  31). 


Fio  40. 


Vto,  1^— I?er«tjua  System  f>f  fuU-gmwa  Caterpillar  of  PrilTot  Fnwk-Muti  (Sphinx 
1ffmttn\  ftbouc  two  da.7»  prertou*  to  tta  clmcgo  to  the  cbrpulls  tixte. 

Fio,  fO,— Kurvmi*  Hyitom  of  th«  PrlTCt  Hawk-Motb  thirty  day*  aft«r  chui^ff  Uf 
th»  ChiynUt  atAto,  The  ^bdoinlnal  cord*  ve  taaw  soon  to  bo  much  iliorteiMil,  and 
bearing  Airti  txutciMl  of  seven  gBD|[UaL 

fio.  41. — ^urviMtH  Sj^Ktcm  of  the  perfect  ln«oct.  a,  Onatlv  pntu^^wl  cmbti^ 
mn*}  t,  Ppttc  gnnffl^  The  mimenU  refer  U*  tbf  tiiiml^n  □(  tb«  gmii^llA.  o,  o.o^*, 
rvpltAtOff  Dvrra,  "  ngt»i  UmiiPcr^L"    iMdOy  ntlvr  Newport.) 

or^nizaiioii  may  le  perceptible  by  the  sensory  orgnni 
and  centreB  of  some  of  the  lower  orgauisras. 

Additional  aeuBory  endowmentB  like  Smell  and  Hearing 
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would,  of  coarse,  be  of  importance  to  any  organisms^  but 
more  csppcially  to  tliof;e  posseesing  active  powers  of  loco- 
motion.   They  ^^ould  serve,  on  the  t>iio  hand,  to  assist  in 

I  bringing  their  poascssora  into  relation  i^ith  food,  or  with 
?^exaftl  inatea,  and,  on  thp  other,  to  warn  tbem  of  the 

^  approach  of  enemies, 

p       The  nervous  system  of  Insects  varies  not  only  among 
difiercnt  ela&sea  and  orders,  but  even  in  tlio  same  indivi- 
!    dual  in  different  sta^^es  of  its  development.    The  cater- 
pillar of  a  Moth  (fi;;:.  39}  or  Butterfly  presents  a  neiTons 
system  not  very  difl'erent  from   that  met  Avitb  in  tlic 
Centipede;  while  in  the  imago 
or  perfected  InRCct,  the  same 
i    system  has  undergone  some  re- 
I    mai'kable  cbnnges^ — there  is,  for 
instance,  an  increased  sige  of 
the  cerebral  ganglia,  and  also  a 
i     notable  dcTelopment  of  some  of 
the  ganglia  pertaining  to  the 
ventral  cordj  "^'hiie  concentra- 
tion or   even    suppressioti  of 
others  in  met  ivith« 

In  such  insectg  as  Butter-  „i  ^>rvo.i*  &y*.t*in  nf  «  mmr 
flies*  Bees»  Draffon- flies,   and  -luffgi-h.  nJtcrtJUB  aenHc,  r.m^.rAa 

others  ivbere  the  visual  organs  ccitiugti]«nhuiibiiiiK-rviM,uu]iiisQ 
arc  enormously  developed,  and  ,,,,,^^^1,^^.  fmm  «nd,,..rthecoin. 

in   which  the  power  of  vigorous   tuBnoonuBt  iJ theceioplw^conia; 

.  ^  »  if^  thcmli-aJsoflugcalgnDgllu ;  6,  Old 

and  sustained  night  is  corres- 
ponflinglv  increased,  the  nervons  s""bu^; 
system  as  a  whole  attains  its 

maximnm  of  development  nmong  the   Arthropod  a.  The 
brain  of  these  creatures  differs  from  that  existing  in  all 
lier  members  of  the  class  by  reason  of  the  great  develop- 
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ment  of  those  portions  of  it  in  relation  with  the  rz 
organs,  as  may  be  seen  hy  fig,  45,  representing  the  nervous 
system  of  the  Commou  Fij,  and  by  fig,  42,  representing 
the  brain  of  a  Beetle.  A  ganglionic  swellii)g  is  fre- 
quently found  where  the  optic  nerve  joins  the  hraiu,  and 
iti  some  Insects  there  are  aho  snsall  ganglionic  sw^llinga 
at  the  corresponding  parts  of  the  antennal  nerv  es* 

It  is  in  Ants,  Bees,  and  Fhcs,  haweTer,  that  the  brain 
of  Insects  seems  to  attain  its  greatest  development.  Speak- 
in":  of  the  brain  of  the  Blow-fly,  B.  T.  Lowne  says*: — 
*'  Next  to  bees  and  ants  that  of  the  blow-fly  is  the  hirgest 
known  in  any  inaect  proportionally  to  its  size,  being  abont 
tbirty  times  larger  than  the  cephalic  ganglia  of  the  larger 
beetles,**  The  same  \%Titer  adds  : — But  a  more  positive 
indication  of  a  higher  type  of  organization  than  even  the 
relative  balk  of  the  sensory  ganglia  is  found  in  the  fact 
that  two  very  remarkable  convoluted  nerve  centres,  con- 
nected by  a  commissure,  each  about  l-30th  of  an  inch  in 
diameter,  surmount  the  cephalic  gangUon,  and  are  con- 
nected to  it  by  a  pair  of  distinct  pedimcles;f  these  are 
extremely  like  the  pedunculated  convoluted  nerve  centres 
which  occupy  the  same  position  in  bees  and  antv,  firat 
described  by  M,  Felix  Bujardin  ("  Ann.des  Sc.  Nat/^(8eT. 
iii,),  t.  xiv.p,  195),  and  considered  by  him  as  analogous  to 
the  cerebral  lobes  of  the  higher  animals.  That  naturalist 
failed  to  distinguish  these  organs  in  the  fly,  probably 
owing  to  their  being  imbedded  in  the  substauce  of  lha 
Cdphalic  ganglion/*  In  the  Bee,  according  to  Dnjardin^ 
these  peculiar  bodies  are  attached  to  the  sensory  ganglia 
by  a  aiiigl©  peduncle,  and  their  united  bulk  is  said  by 
hixn  to  equal  ^ih  of  the  whole  bruin.  Farther  details 
concerning  these  interesting  structures  are  much  needed* 

The  double  cerebral  ganglion  is  connected  in  nearly 
*  "  Anal,  of  tbc  Blow  flj,"  p.  14.      f  Loc  cit ,  PL  vii.  fig.  4. 
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all  Insects  with  a  separate  sub'(Eaophageal  ganglion^  from 
wLich  n(>rTes  are  given  off  to  the  mBndibles,  the  maxillae, 
und  tlie  labium.  But,  as  in  Spiderg^  the  oesophageal  ringia 
often  rery  nan'ow,  owing  to  the  grcatlj  dimiuished  si^e  of 
tlie  oesophflgiis  in  the  imago  forma  of  hin;hei' Insects.  lu 
Spitlej-K  and  MjTmpods,  as  hefore  sUted,  the  flub-(£Bo- 


Flu.  ii. 


Tia  4fi 


Pjn.  4!!.— VeiTDTUi  fi^ntcni  of  a  White  Anfc  {Tertnei].  (QijgtnWueT  iirtar  LtH|il»,) 

Pj'j.  44-— KeTTUQB  Sy«t4Mn  ot  a  Water  Itctjtje  (Jl_cf fieii*).  (OugwiljiLuor.) 

Fifj.  4&.— Ntirroiii  tiywtcm  of  a  Flj  iMwKiiy.    fOoffcmbhuor  tdter  Ulancbiu-d,)  u, 

fui«d  ffrvuglu  of  the  tbonst. 

phageal  ganglion  has  no  separate  existence  apavt  from 
Llia  Lhoracio  ganglia. 

In  many  Insects  the  three  thoracic  ganglia  preserve 
a  Heparato  existence  (fig,  43),  though  id  others  of  the 
higher  types  above  referred  to  these  ganglia  are  mora 
frequently  fused  into  a  single  lobed  mass  (tig.  45).  The 
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eight  abdominal  gang^lia,  ^hich  are  alwajs  miicb  smaller 
tbim  the  thoracic^  also  coatinne  to  hare  a  separate  exist- 
ence among  same  of  the  less  developed  tvpes  cf  Inserts 
(Cg.  43)  thou<(h  it  is  more  frequent  for  some,  or  eieD  aU, 
of  them  to  disappear  (figs,  44,  45). 

The  '  stomaio -gastric '  system  of  nerves  attains  a  con- 
siderable degree  of  complexity  ia  these  animaU.  In  front 
there  ia  a  median  ganglion  (fig.  42)  lying  below  and  often 
anterior  to  the  brain.  This  oral  ganglion  is  a  swelling 
situated  on  the  great  median  (uflerent)  visceral  nerve,  at 
the  spot  where  it  bifurcates  in  order  to  proceed  ta  etch 
half  of  the  brain.  It  receives  branches  from  the  month 
and  adjacent  parts.  The  main  nerve,  or  else  the  ganglion, 
is  also  connected  with  other  branches  (c))  proceeding  from 
one  or  two  pairs  of  lateral  ganglia  situated  close  to  the 
oesophageal  cords,  and  often  in  structural  relation  with 
them.  This  visceral  system  of  nerves  receiyes  branches 
from  the  stomach,  the  inteetines,  and  other  internal 
organs. 

In  Insects,  moreover,  we  meet  with  another  acmi- 
independent  set  of  visceral  nerves,  connected  with  a  chain 
of  Djinute  ganglia  lying  upon  the  great  ventral  ganglionated 
cordi  and  united  thereto  by  means  of  minute  nerve  fila- 
ments. The  ner^'es  (fig.  41,  o,  o,  o)  in  connection  with  this 
chain  of  minute  ganglia  are  recoired  from  and  distributed 
to  the  all -pervading  respiratory  organs  (air  tubes)  of  th© 
Insect*  They  are  known  to  anatomists,  on  account  of  the 
disposition  of  their  main  branches,  as  *  nervi  tvanaversi/ 
and  are  much  more  highly  developed  in  these  animals 
than  nre  atiything  corresponding  to  them  amongst  othor 
Arthropods* 


CHAPTER  \Tr. 


DATA  OONOEESING  THE    BIUIN  DEniVBD  FROM   THE  STUDY 
OF  TBB  NEBVOUg  SYSTEM  OF  INVERTEBR.^TES* 

This  norvej  of  some  of  tLe  pnncipal  varieties  of  the 
Nervous  Syel^Mn  among  the  Invertebiata,  brief  tLoagli  it 
lias  been,  shoold  have  sufficed  to  cull  attention  to  many 
importfkiit  facta  and  to  show  the  warrflnt  for  certain  related 
inferences,  many  of  which  are  embodied  in  the  following 
propositions  : 

1,  Sedentary  animals,  though  they  may  posKesa  & 
Kervons  System,  are  often  headless,  and  they  then  have 
DO  distinct  morphological  section  of  this  system  answering 
to  what  is  known  as  a  Brain. 

2.  Where  a  Drain  exists,  it  is  invariably  a  double 
organ.  Its  two  halves  may  be  separated  from  one 
another ;  though  at  other  times  they  are  fused  into  ^^hat 
appeftra  to  be  a  aingle  mass, 

JJ,  The  component  or  elementary  parts  of  the  Brain 
in  these  lower  animals  are  Ganglia  in  connection  with 
nerves  proceetling  from  specioi  impressible  parts  or  Sense 
Organs  ;  and  it  is  through  the  intervention  of  these  united 
Sensory  Ganglia  that  the  animaTs  actions  are  brought  into 
harmony  with  its  environment  or  medium. 

4,  That  the  Sensory  Ganglia,  which  in  the  aggregate 
consLitutc  the  Brain  of  Invertebrate  animals,  are  connected 
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wiUt  one  uoUier  oo  the  nme  Me  and  aIso  with 
fellows  on  opfNKita  ndes  of  tbe  liodf.  Thej  are  rcktod 
to  one  Another  either  hf  what  appears  to  be  c<HitiiiQOQs 
growth  or  hj  means  of  *  commissores.' 

S,  The  size  of  th«  Bnio  as  a  whole,  or  of  its  several 
parta,  is  therefore  always  fairly  proportioitata  to  the  derelop- 
meat  of  the  animal's  special  Senae  OigaiUL  The  more 
msxj  one  of  these  impressiUe  sur&ces  or  otgaaa  becomes 
elaborated  and  aUnned  to  tak^  part  ia  diacriminating 
between  Taxied  external  impressions,  the  greater  will  be 
the  proporlionate  size  of  the  ganglioDic  mass  ooncemed. 

G,  Of  the  several  sense-organs  anil  Sensory  Ganglia 
whoae  activity  lies  at  the  root  of  the  Instinotive  and 
Intelligent  life  (snch  as  it  is)  of  InTertebrate  Animals, 
sffine  are  aiuoh  more  important  than  others.  Two  of 
them  especially  are  notable  for  their  greater  proportional 
development :  vi^.^  those  concerned  with  Tench  and 
Viaion*  The  organs  of  the  former  sense  aio,  however* 
Roon  outstripped  in  importance  by  the  latter.  The  visual 
senae,  and  its  reflated  nerve-ganglia,  attain  an  altogeth 
exceptional  tlevelopment  in  the  liigher  Insects  and  in  thi 
highest  MidluijkH. 

7.  The  sense  of  Taste  and  tlitit  of  Smell  seem,  as  a 
role,  to  be  developed  to  a  much  lower  extent*  In  the 
great  majority  of  Livertebrate  Animals  it  is  even  difficult  to 
]ftntii  to  (liKtinct  organs  or  impressible  surfaces  as  certainly 
(lovuted  to  tlio  reception  of  either  of  such  impressions* 
NtivertbcleaH,  as  we  shall  subscquontly  find,  there  is  reason 
to  Itf'licvci  that  in  Bomo  Insects  the  sense  of  Smell  is  mar- 
vcUoUHly  keen,  and  so  much  called  into  p!ay  as  to  make  it 
for  auch  crt^ainres  qnito  the  dominant  sense  endo^vment, 
It  is  prt'Uy  acuto  alno  in  some  Cmatacea. 

8.  I'he  sense  of  I[(*iiringiieemi  to  be  developed  to  a  veiy 
■light  oxlonU    Organs  supposed  to  repiejsent  it  Lave  been 
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diRcovered,  principaHy  in  Mollu^ks  aud  in  a  few  Insects. 
It  is,  liowever,  of  no  suiall  interest  to  find  tbnt  where  tlicao 
organs  exist,  tLc  nerves  i^siiLDg  from  tLem  are  most  fre^ 

I  quently  not  in  direct  relation  with  the  Braiu,  but  itnmo- 
diately  connecteJ  with  one  of  tho  principal  niutor  nerv*5- 
centres  of  tlie  hody\    It  is  conjectured  that  these  so-called 

I  '  axiditory  saccules  *  may,  in  reality,  have  more  to  do  with 
what  Cyon  terms  the  Bonso  of  Space  than  with  that  of 
Hearing  (p,  218).    The  nature  of  the  organs  met  with 

'  BupiHirts  this  view,  tind  their  close  relations  with  tlie  motor 
ganglia  also  heconio  a  trifle  more  explicable  in  accord- 
ance with  such  a  notion. 

9,  Thus  the  associated  ganglia  representing  the  double 
Brain  are,  in  animals  possessing  a  head,  the  centres  in 
which  all  impressiona  from  Bcnse-organs,  save  those  last 
referred  to,  are  directly  received,  and  whence  they  are 
reilected  on  to  different  groups  of  mu&tdes— the  rettoclion 
occurring  not  at  once  but  after  the  stimulus  has  paa^sed 
through  certain  '  motor'  ganglia.  It  maybe  easily  under- 
stood, therefore,  that  in  all  Invertebrate  Animala  perfection 
cf  sense-organSj  size  of  brain,  and  power  of  executing 

i  manifold  muscular  movemeats,  are  yariablea  intimately 
i     related  to  ono  another. 

10,  liut  a  fairly  parallel  correlation  also  becomes  estab- 
lished between  these  various  developments  and  that  of  tho 
Internal  Or*rana*  An  increasing  visceral  complexity  is 
gradually  attained ;  and  this  carries  with  it  the  necessity 
for  a  further  development  of  nervoua  communications. 
The  several  internal  organs  vdih  their  varying  states  are 
gradually  brought  into  more  perfect  relation  with  the 
prineipal  nerve  centres  aa  well  aa  with  one  another. 

11,  These  relations  are  Ijrouglit  about  by  important 
visceral  nerves  in  Vermes  and  Arthropods — those  of  the 
*  Stonjato-Gastric  System  ' — conveying  their  impreBsions 
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mihet  direct  to  Use  posterior  part  of  tba  Braia  or  to  ill 
psdanele*.  They  thoa  eontnbate  interoftl  impresstoiw 
wlaA  impinge  upon  the  Brain  side  hj  side  with  thow 
mnlDg  ihroogb  ext«riial  sense  organs, 

12»  Ttb  Visceral  System  of  Kerres  in  inTertebr&te  ani- 
mals h&9,  when  compared  witli  tlie  rest  of  the  Xervons 
Bynti^rn,  n  greater  proportional  development  tban  among 
vertebrate  animah.  Its  importance  among'  the  former  is 
not  dwitrteA^  in  fiict,  by  thai  enormous  deTelopment  of  the 
Brain  and  Hpinal  Cord  which  p-adaallj  deckies  itself  in 
the  Ifttior. 

UL  Thus  impression  a  emanating  from  the  Viscera  and 
fttim  tilnling  the  organism  to  movements  of  varions  kinds, 
wJiether  in  pnrAuit  of  food  or  of  a  mata,  would  ^eem  to 
h^va  a  proportionally  (greater  importance  as  constitnting 
part  of  the  ordinal^  mental  life  of  Invertebrate  Animals. 
The  coiuhitmiion  of  such  impressions  ^ith  the  iscnso' 
f^iided  movements  by  wljich  tbey  are  followed,  in  complex 
ffToripf*,  will  fie  fonnd  to  afford  a  basis  for  the  development 
of  many  of  the  Instinctive  Acta  which  animals  bo  fie- 
qiiently  display. 


CHAPTER  Vm. 


THE  Bttior  OF  FISHEa  AND  07  A^rTHTBIA, 

In  a!l  Verlelirates  the  relation  of  the  principftl  nervauB 
gfiD^flia  to  the  conimeuceraent  of  the  alimentary  caniil  is 
diiTerent  from  that  existing  among  the  Invertebrates. 
We  no  longer  find,  as  in  the  Mollusk,  the  Worm,  or  the 
Inject  a  ring  of  nerve  matter  encirding  the  cesophagns. 
The  parts  which  in  Fishes  answer  to  the  eitpra-  and  suh- 
ffiaDphageal  ganglia  lie  altogether  above  the  (Epsophagiis, 
and  they  are,  moreover,  directlj  continuous  "viith  one 
another,  instead  of  being  connected  by  long  or  short  com- 
miasurea. 

In  FisheSj  aa  well  aa  in  other  Vertebrates,  all  the  parts 
constituting  the  Brain,  as  well  as  the  Medulla  OblongnJa, 
are  enclosed  within  a  distinct  '  skull'  or  '  cranium/  ivhile 
V'ithin  this  they  are  again  surrounded  by  two  membranes 
— one  of  which,  and  the  thicker  of  the  two^  lines  the 
inner  surface  of  the  cranium ;  while  the  other,  "which  is 
delicate  and  transparent^  immediately  envelops  the  great 
nerve  centres.  The  Spinal  Cord,  which  ia  directly  con- 
tinuous with  the  Medulla,  is  also  lodj^ed  in  a  bony  case 
known  as  the  '  spinal  canaP  ;  and  this  ia  formed  by  the 
contiguous  posterior  arches  of  the  several  vertebrae  com- 
ing the  spine  or  vertebral  column. 
Among  the  Invertebrattk^  it  is  the  nervous  Bysbem 
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of  Insects  ftud  other  Arthropods  which  approaches  m 
closely  to  thai  of  Fishoii,  inasmuch  as  they  possess  a 
fsmglo  or  douhle  gaDK^ionafced  nervons  cord  running;  through 
the  body,  whioh  is  fairly  compamMe  with  the  spinal  cord» 
In  lusects  and  their  allieB,  however,  this  cord  is  situated 
in  the  veotru.!  i*^gion ;  while  the  spinal  cord  of  Vtrte-. 
brates  lies  above  the  ahmentary  canal  in  the  dorsal  rcgioid 
of  the  body.  No  such  structure  exists  or  is  needed 
among  Mollusks^  becauBe  these  organisms  hare  no 
articulated  locomotor  appondages,  and  arc  otherwiBc 
notably  difleront  in  form  and  organization ;  yet  it  is  true 
that  among  the  highest  representatives  of  this  latter 
class  (viz,,  the  Cephalopods),  we  get  tlie  first  approach  to 
the  formation  of  a  distinct  brain  case  or  '  cranium/  | 

All  the  nerve-ceutres  situated  within  the  cranium  haTS 
been  regarded  as  parts  of  the  Brain  in  Vertebrates,  whilst 
those  lying  beyond  it,  and  within  the  spinal  canal^  eon*- 
stitnte  the  Spiuol  Cord :  the  two  together  are  sometiniea 
spoken  of  as  the  *  Cerobro- Spinal  Axis/ 

But  iu  addition  to  the  Sensory  Ganglia,  and  the  Medulla 
Oblongata,  there  are  certain  liighly  important  supple- 
mentary parts  entciring  into  the  composition  of  the  Brain  of 
the  Fish.  There  is,  for  instance,  a  pair  of  bodies  known 
as  the  Cerebral  Lobes;  whilst  further  back,  in  connec- 
tion with  the  Medulla,  we  have  another  new  nervous 
ganglion,  single,  but  having  equal  parts  on  each  side  ofa 
the  middle  line,  which  la  known  as  the  Cerebellum. 
That  representatives  of  these  parts  (BCcmingly  superadded 
to  the  brain  of  Fishes  and  other  Vertebrates)  are  really 
non-existent  in  the  highest  Mollusks  and  Insects  it  would 
not  be  safe  to  aOirm :  especially  ag  gangha,  which  have 
been  compared  to  Cerebral  L^^bes,  exist  in  the  Cuttlefish, 
and  even  move  distinctly  it>  Ante,  B^es  and  some  Flies, 
n    ^be  other  baud,  both  the  Cerebral  Lobes  and  tho 
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Cerebellum  Leml  to  increase  in  size  and  become  more 
and  more  complex  as  pass  fmin  Fishea  to  Reptiles, 
from  BeptileB  to  Birds,  and  fram  Birds  to  Mammals, 

The  relative  Kize  of  tljcse  parts,  Imwever,  as  well  as  of 
otber  divisions  of  the  lirain,  will  be  found  to  vary  greatly 
in  different  kinds  of  Fkhea. 


fta.  l4,^BmSn  nud  Cmaiiil  N'ervMi  of  \h9  Parch,  ulie  y1«w.  {Ge^u^ner,  ifter 
Cuirter.  >        l^urebn*!         wltli  ulfckctorijf  g^tnglEun  In  fmnt ;  fl,  npUc  l«be  ,  t'.  wrt- 

//.  L'jttiu  tiL'^'u  cut  acniMi ;  iitLtliHiiii^t-or  ;  if,  tt^xhloar  ncrvu  ;  l\  tri^'UlnlllAl ; 
Vtf,  anttltury;  I'J/I,  vugu*,  vritb.  ita  gimg'li<-pti  ;  L;  Intfrnl  bnuicb  (if  tlin  vi^nui; 
I,  upper  Vmig  i^I  tlio  mttnt ;  m,  «]uniid  bmiich  uf  Ibo  tii^fttninuK.  which  !«  JuUacd  by 
M,  t)ie  iloDul  Ijraii'U  uf  thu  v;u(iin;  b,     "fi  throo  bRmolieH  of  the  iiignm^m ;  t*, 

Tbc  SpinaL  Cord  ul"  Fishes  is  mure  or  lase  cylindrical  in 
Bhttpc  I  fi^.  17,  h)  and  nlmost  uniform  in  thickness  through- 
out, cxci^pt  that  it  tapers  to  a  iwiiit  posteriorly.  It  ticcurs 
ntily  rarely  that  there  is,  as  in  the  Ray,  a  Blight  swelling 
in  tlio  region  where  the  nerves  from  the  great  pectoral  fins 


rfiLii  ui  uiem  ib  coaneci^a  mm 
rior  (or  motor)  and  &  post 
^  root^  tlie  latter  swelling 
^  les3  tlistiDct  gADgliou  just  I 
begin  to  mingle  with  ilios 
root.  This  mode  of  coj 
spinal  Denies  witb  the  ep| 
throughout  the  class  of 
in  all  other  YertFebrates 
Anteriorly  the  cord  is 
a  slightly  more  swollen  pn 
hefore-meutioned  Medullj 
(fig,  47,  d).  Many  very  im 
to  which  reforencG  will  bi 
made,  are  altacbed  to  this 
Growing  from  the  back  > 
extremity  of  the  mcdalla  i 
or  tongue-like  projection,  \\ 
ah'eady  referred  to  u»  the 
Though  single  in  appearai 
double  and  composed  of  tv 
halves.  No  distinct  conn^ 
with  this  body  can  be  detect 
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smootb,  convex,  semi-ovoid,  or  tongue-like  body  (fig,  49,  rf). 
Accorditi;^'  to  Professor  Owou,  the  cerebellum  is  very  sraall 
in  the  lajiy  Lump-fish,  and  extremely  large  in  the  active 
aud  warm-blooded  Tunny."  It  attiiins  its  highest  develop- 
ment, however,  in  Shnrks  (fi*^.  48,  c).  In  these  most  active 
ftud  predftceous  fibhes  Ibe  ccrehellura  not  only  covers  much 
of  the  medulla,  but  advances  forwards  over  the  optic  lobes, 
and  tlie  extent  of  its  surface  is  further  increaKed  by  the 
existence  of  numerous  superticial  folds  or  iudentfltioDs, 
In  front  of  the  cerebellum  are  two  rounded  gfanglia  known 

Flo.  49 


Pift  48.  -  Brain  or  Uic  Shark  (OnrrlmritKf,  miciv  v)ow,  (nwctn.l  r,  Ceretjral  hcmi- 
vpliL'Tv:  u.  ol^Uc  Mti',  c,  eeruboHmtil  with  sln-faco  ftfld*  imi;  n,  olfiittnry  g;W)(r]IC'n, 
({kvlng  vtf  (L  <  iilfocLtrrj  iicrvts;  Jun^tluii  ot  vUmiUjty  peiJanulc  with  lierubmi  lube  ; 
J,  Cn)«  cerebri  ;  if,  ptuo4l  ;  n,  hs^t^tia  -,      ^ttuitufy  bcnJy  ;  2,  aptXc  norrn  ^ 

a,  icdia- motor  norve  ,  'i,  tr1|;etiitnnii :  t.  iudtUtff  :  A.  vonpii. 

Kio.        IJmln  iif  Ri^u'li.  fi,  Ol/actury  t>eriiUH:li!a ;  b,  cerebral  Inbes  i  a,  c^ptiD lubes  ; 

as  the  Optic  Lobes  (fig.  49,  c),  which  coiTefipond  with 
the  principal  part  of  the  Insect's  brjiin.  The  optic  nerves 
are  connected  with  their  under  surfac<3 ;  and  ibey  decussate 
l6gft,  51,  57),  so  that  the  one  proceedinj?  from  the  right  eye 
pnHsea  to  the  left  optic  lohe^  and  that  from  the  left  eye  to 
the  right  optie  lobe.  This  new  kind  of  cross  arrangement 
will,  in  a  Inter  chapter,  be  referred  to  in  detail,  einee,  -ssith 
slight  ditferences,  it  also  exists  in  other  Vertehratea,  and, 
moreover,  seems  g^radually  to  extend  to  other  parts  of 
Uie  nervoua  system . 
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111  m&ny  of  the  lower  Fisbes  the  eyes  are  very  rudimen- 
i&ry.  In  the  young'  Lamproy  two  pipnent  spots  replace 
the  Bitigle  *  eye  spot '  of  tbe  Lancelot.  In  the  genus 
^lyxino  the  eyes  are  represented  by  smull  Iwdies,  which, 
though  in  connection  with  8len^^e^  optic  nerves,  are 
covyred  over  by  muscle  as  well  as  by  akin.  The  ocnlar 
muscles  fur  moviug  the  eyeball  are  absent  in  many  Flbbcs , 
this  is  the  case  even  in  tha  Gar-Pike,  in  which,  thoagh 

Fifi.  sn.  Vio.  al* 

IN 


•W 

•HP 

FhJ,  W.— Btfthi  of  PrrcTi.  M^tprr  miH'iii'c.    fOwen  after  CiivieT.}   a,  Ctn 
opite  Wbtm;  «|  eeretintl  Wlm  ;  i.  uir4ctoi7  itfiiniftlii ;  ti*  mtduUn  :  fi,  h,  r«  j,  (. 

Fiti.  M.— Dniln  nf  PptcJi,  wnAcr  iiirhm.  (Owto  liter  t^^i^lcr.)  a,  MtdiOta;*, 
byjuMirU ,  /,  jiltutlArj  twdr ;  m.  oftle  Dervca^  dunuutlu^  ;     cargbml  lubes ,  i,olf' 

small,  the  eyes  are  at  the  surface.  In  (he  gi-eat  majority 
of  Fishes,  however,  these  or^ns  arc  largo  and  attain  a 
remarkable  development, 

Tho  optic  lobes  are  nsually  tbo  lnr*^rst  tliviaions  of  th 
brain  in  osseouH  fishc<i,  as  in  the  Perch  (fi^.  51)),  nnJ 
they  arc  commonly  united  by  one  or  more  transverse  com- 
misaiues*  Each  of  them  generally  contains  a  distinct 
cavity  or  *  ventricle/  and  they  often  bear  on  their  nnder 
surface  two  smaller  ganglionic  projections,  known 
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•  hjpoai'ia/  These  bodies  arc  well  developed  in  the 
Perch,  and  in  tbe  Cad  (figs.  51j  57).  Their  use  is  un- 
known, and  it  is  remarkable  that  they  are  structures 
peculiar  to  the  brain  of  Fi&hes. 

In  connection  with  the  optic  lobes  there  are  also  two 
peculiar  Blrocturos,  one  nbore  and  the  other  below,  known 
119  the '  Pineal '  and  '  Pituitary '  Bodies  ffip.  53,  a;  60,  a.  o ), 
In  front  of  tbe  optic  lobes  arc  the   already  men- 


Tin.  53.— Bmln  uf  Carp,  (Fcirtlor.)  *,  Cerobml  Joboi  ;  b,  njttio  loboi ;  c,  corebel- 
lum  antl  mcrtuELu 

J'ro.  fl3. — Upt*''  ''■•pcct  tpf  tilts  Bmili  of  ji  Ray.  nr  tkiitu  (Raia  hn(ii').  1,  OlfllctoTT 
{xbeii;;  1«  Uie  ttqijolucd  f^urii'lirrd  luboA  ;  J,  tJio  pluoaJ  glantl :  i,  optlg  lotK'tt-.  5,  ccn.- 
botliim  ;  tit  tncdiiUa,  witU  faiiglloDiL:  jimjecnani.  (Mlv.irt.) 

tioned  Cerebral  Ijobes,  Thoy,  like  the  ccit'LoUum,  have 
no  obvious  connection  Mith  uei-vcs,  and  vary  much  in 
ei^o  in  dififerent  Fishea,  though  they  are  mostlyj  as  in  the 
Carp  (fifT.  52)  and  the  Perch  (fig.  60),  smaller  than  the 
optic  lobee. 

The  Cerebral  Lobes  are  Buialleat  in  the  Lamprey  and 
its  allies,  in  the  Hemug,  and  in  the  Cod ;  whUe  they  are 
njost  developed  in  the  Skate,  the  Shark,  Polypierua, 
and  Lepidosircn.     In  the  Skate  (fig.  55),  they  coalesce 
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into  a  ftoraewbat  auttened,  tlaQs^eracly  elongated  masa, 
showiag  only  slight  iudicHtions  of  a  meJian  fissure.  In 
the  Shark  (lig.  48)  they  also  uuite  to  form  a  large  almoBt 
globular  mass  with  little  trace  of  a  median  furrow.  -\ 
similar  fusion  of  the  two  lobes  occurs  in  Rome  other  Fishes, 
though  iu  the  majority  they  exist  as  eplieroids  united  ouly 
by  a  transverse  commissure.  In  Lepidosiren  the  cerebral 
hemispheres  arc  larger  than  all  the  re&t  of  the  brain ; 
each  of  tbcm  also  contains  a  caWty  or  ventricle,  which  is 


Fig.  S4,  fl<^  **- 


Ttd.  H.— ftmln  of  Lspidostoiu  or  Oar>I*lke,    [Owen.)   k>  Ottaetarf  ttH^f^  I 
-  bnl  loba;     optic  labw;  t,  c«rebclliuu;  A,  medulU;  /,  foarik  vioMla;  4» 
lAwAr  bodbdary  «(  uwduJlft. 

Fin,  fl^.^Bnin  o(  tbc  Whiting'.  (Sollv.i  Ol&kCtvTT ganglia;  fe,  Mvbnl  kbet; 
0,  Qfitie  lobH ;  c,  ctrobellum  and  medMlU, 

prolonged  into  the  olfactory  lobe.  In  these  respects  they 
closely  agree  with  the  cerebral  lobes  of  Reptiles. 

In  the  Gar-Pike  (fig,  54),  the  Perch,  the  ^lackerel,  and 
many  other  Fishes,  two  additional  ganglia  known  as  the 
Olfactory  Lobes  lie  immediately  in  front  of  the  cerebral 
lobes^  and  each  of  tbem  receives  a  long  olfactory  Denre.^ 

*  The  Lancelot  has  a  single  olfactory  sac  and  a  aingle  aerve;  in 
till  other  fiftheB,  eicept  in  Ibe  Lamprey  aud  its  fl-llies,  Ibere  are  iveo 
Tiervea  (see  Huxley,  "  Jotirn.  of  Lian.  Soc.*'  (Zool.),  vol  xii.  p.  224). 
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Bat  in  such  Fislies  as  the  Whitiug  (fig.  55)  t  the  Carp 
(fig.  52),  the  Skae  (Hg.  53),  the  Shark  (fig.  48),  and 
othexa,  the  olfactory  {janj;liA  are  situated  at  a  distance  from 
the  cerebral  lobes,  with  wliich  they  are  connected  only  by 
means  of  two  long  and  narrow  out{Trowihs  or  peduncloa. 
In  these  latter  Fish  the  ganglia  are  to  be  found  close  to 
the  olfactory  organs,  from  which  they  receive  ntimeroua 
short  nerves. 

Buch  are  the  essential  parts  in  the  brain  of  the  Fish. 
Their  relative  size  or  development  ia^  however,  SLibject  to 
almost  countle'ss  diversities  in  differGnt  genera. 

From  the  foregoin^^^  d*iscription,  it  will  be  setm  that 
ona  of  the  principul  characteristics  of  the  Brain  of  Fishes 
is  to  he  found  in  tlie  serial  arrangement  of  ita  parts,  in  a 
line  irith  one  another  and  with  tho  spinal  cord ;  whilst 
another  is  the  small  mas»  of  the  Brain  as  compared  with 
that  of  the  Spinal  Cord,  and  still  more  in  comparison 
with  the  mass  and  weight  of  the  entire  body. 

In  the  former  respect,  at  least,  the  Brain  of  Amphibia 
(Gg.  50)  agrees  closely  with  that  of  Fishes,    The  principal 


Tta.  SO,— nraln  tuid  Stitnal  Curd  of  Uio  Pma:   a,  Olfinrtory  lolie*  ;     ctrcbml  lobe*; 

divisions  of  the  brain  also  in  these  animals  are  identically 
the  same,  Tlie  Brain  of  the  Frog  h  notable  priucipally 
for  the  smaller  size  of  its  CerebellurDp  and  also  for  the 
dimioisbed  bulk  of  its  Optic  Lobes  and  Olfactory  Ganglia, 
Th©  Cerebral  Lobes,  arc,  therefore,  proportionately  large. 
The  Spinal  Cord  itj  shorter  than  usual,  and  does  not 
occupy  the  whole  length  of  the  *  spina]  canal.' 
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Tboogh  the  Cerebellum  itself  does  not  ftppear  to  be 

-fmmetUaiely  connected  nith  any  neires,  the  Medalla 
OUIoijr^ata,  from  which  this  part  is  an  oulgrowUi,  is 
renmrkable  in  Fishes,  as  w^ll  b.s  io  other  vertebrates,  for 
tlie  number  aud  importanoe  of  the  nerves  flrith  which  it  is 
connected.  Indeed,  if  the  limita  of  the  Medulla  are 
taken  to  bo  those  originally  defined  by  Willis  and  most 
anatomists  anterior  to  Haller  (1702),  they  %ill  include  the 
*  crura  cerebri ' ;  and  in  that  cage  all  the  Cranial  Nerves 
(that  isj  the  nerves  which  pass  inwards  or  outwarda 
through  holes  in  the  cranium),  except  the  olf&cUtry  and 
the  optic,  would  have  to  be  described  as  in  direct  con- 
nection with  the  medulla  oblongata. 

The  Cranial  Nerves  of  Eiahea  and  of  Amphibia  are,, 
with  few  c^ceptionB,  similar  in  number  and  nature  to  those, 
exiatin^  throughout  the  vertebrate  aeries,  so  that  they  may 
with  advanta;|j;e  be  here  enumerated.  According  to  tha 
clasHificatiori  of  Willis  (1664),  which  is  generally  followed, 
they  are  said  to  can»ist  of  nine  pairs,  counting  from  before 
backwards.    {See  figs.       57j  53.) 


Itit  Fair. 

3rd  n 

i 

> 

4  th  „ 

"J 

< 

Oifaciory, 
Opt  It. 

Mf'tfiT  oevXi  cftfrttriUiiu ;  etippljiog  all  but  two  of 
the  mascles  of  the  eyeball  and  tbe  circular 

tibrtt*  of  tbe  iris. 

Trofh^L-ariK ;  snpplying  tbe  superior  obliqne  roDselt 
of  the  eye. 

(Lairge  rooti  the  Jiftrve  of  goaeral  Mn* 
Bibility  for  tliti  aido  of  tbe  k«fi4« 

Srnal!  root:  Hiipplying  muBcles  ooo- 
nectod  with  the  jn\y  (miiaclefi  of 
umBticaticm). 

Mof^tr   f)cuH  fj^lfmus;    supplying  the  eitemid 
rwtua  muHirle  of  the  eyeUll. 
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th 


9th 


AtidUufy. 

Farx'tt;  aapplyiiig  the  BUperficial  miiaclca  of  tho 

face,  &C. 

f^GififMO'phoryit^eai  {gustatory  nerre  and  nerre  of 
common  eetisiljilitj  for  the  phftrynx). 
VfUfHn,  Of  Pii':nino^inftric  {sensory  uerve  of  resj>i- 
rat<iry  organs,  heart,  aliiuentury  canal,  liver, 
kidneys,  &a 

Spiniil  acccftgortj ;  supplying  the  niTiscIes  of  the 
larynt,  Ac 

SMlngual,  or  Ktji>Qtjl(is6<if- ;  motor  nerve  of  tojigae 
and  of  muaclea  which  move  it. 


see 

^0 


From  tliis  tuble  it  will  be  seen  that  tliree  of  tlie  '  pairs  * 
|of  eraniftl  nerves  (5th,  7tli,  and  8tb)  are  compoQnd  in  their 
Uftlure*  Tlieir  parts  have,  moreoTer,  little  in  commou; 
except  for  tlio  fact  that  the  corapouents  of  each  flo-cftlloil 
'  pair  *in  mau  and  many  of  the  lower  animals  pass  side  \>j 
hide  throu*^'h  tho  same  hole  in  the  skull.  This,  indeed, 
seems  to  have  been  the  principal  reason  actuating  tho 
trlier  anatonaista  when  they  grouped  them  together.* 
To  cinniiil  nerves  answering  to  tho  9th  pair  exUt  in 
Fishes ;  their  functions  hoing  discliargcd  by  branchus 
from  the  first  spinal  nei-ve.  The  motor  root  of  the  8th, 
the  '  spinal  accessory,'  is  also  loss  distinct  as  a  separata 
nerve  in  FlsLc3  and  some  Reptiles,  than  it  is  in  higher 
B|»rtebrates. 

^1  Looked  at  from  the  point  of  view  of  the  functions  which 

■  Except  in  th«  case  of  tho  two  division*  of  the  Mh  nervts  thm 
Dping  was  not  reap47cted       the  claasiHcatioa  of  ScBmtneriu^ 
778).    AccMrdiug  to  him,  tli«  cranial  nerreawei*  to  be  re^rdediw 
cive  pairs,  the  firiit  a\x  agrepiog  with  tboae  of  Willm^  whilst  tha 
cial  i«  called  the  7lh,  the  auditoiy  the  8th,  the  glgseo-pharyivgeul 
he  ^h,  the  rngiis  the  10th,  the  Bpbal  accesaory  the  11th,  and  the 
Bublingual  the  12t.h< 


^^^^  J?f ccio/  i?0iiM,  1  AuJitoiy 

^  Gtisiatory 
II.  AVi-pfjp  of  j"  Large  root  of  Uh. 

H  Q^nerat  Scu^ihUitif,        1  I^art  of  Glosjk>  phj 

^  Viigtts  [the  vUcera 
^^^^  r  MotrfTEs  ociiJi  (3r 

^■p  I 

nL  Motor  J  -^^h' 

Fnaal  nerre. 

^^^^  SpLtiul  airessory. 

^^^^  V  i^uUiDguul  or  llj-|> 

■  Taking  the  larger  view  lield  hy  WiJlia  and 
I  the  limits  of  the  Medulla  Oblonj^ata,  and  ia 
I  this  name  all  those  part^ 

I         ^^^"^^i         ^^^^        exception  of  th< 
I         (V^Tkr       posterior  to  tlie  optic  lo 
A  3lffMr  several  pairs  of  true  c 

W  ^WLtCm^'    ^^'^^^       ^  iDcIusive) 
ou  each  side,  and  for  the 
the  order  of  their  numeral 
issaing  from  it  close  to  thi 
aud  the  9th  close     the  jm 

^T  'l^T^^nl":.  ^'^^J^li*  ^ith  the  spinal  CO 
(«wwi,)r.c«»bt^io}i«;  reservation  that  in  Fishes  I 

O.  optic  1ob« CI.  , 
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number  of  fishes  become  awoUen  into  diaLiuct  gauglia  at 
theif  point  of  junction  with  the  Hodulla,  and  in  some — 
such  us  tiie  Carp,  the  Torpedo^  the  Electric  EeJ,  and  the 
Skate — these  lateral  ganglia,  situnted  at  the  side  of  the 
cerebclIuD],  are  exceptionally  Jarpe.  The  Glosao-pliaryn- 
geal  is  in  reality  only  ft  lal■^^e  separate  branch  of  the 
vagus.  In  some  fishes  it  joins  one  of  the  roots  of  the 
"Vftgus;  and,  even  where  this  external  junction  doea  not 
an  internal  nnion  is  effected  by  the  Bmaller  nerve 
entering  the  nucU^ua  of  the  larger  one. 

A  little  anterior  to  the  ganglia  of  the  Vagi,  large 
swellings  are  also  frequently  met  with  in  connei?tion  with 
the  roots  of  the  Trigeminal  nerves  (fig.  10),  ^hich  in 
fishes  are  mostly  very  large,  and  hnvo  an  extensive  dis- 
tribution even  beyond  the  region  of  the  bead*  The 
remaining  sensory  nerves  of  the  medulla — the  Auditory — 
arc  attached  to  it  by  two  or  tlires  roots,  bet^veen  the  vagi 
and  the  5th  norvca.  These  nerves  are  large^  though  it 
is  only  rarely  that  a  distinct  ganglionic  swelling  h  found 
at  their  point  of  junction  wilh  the  medulla  (fig.  11),  The 
ganglia  are  usually  embedded  in  the  Modalla  itself,  and 
some  of  ila  roots  soon  join  another  large  ganglion : 
viz.,  the  Cerebellum.  This  apparent  connection  of  the 
auditory  nerves  with  the  great  motor  ganglion  iu  Verte- 
brates, whatever  its  explftuatioii  may  be,  is  quite  in  har- 
mony with  the  close  relation  of  the  *  auditory  saccules  ' 
and  nerves  to  the  pedal  ganglia  iu  MoUusks,  and  with 
their  relation  to  the  most  active  motorial  centres  of  the 
ventral  cord  in  those  Insects  (such  as  Locusts  and  Grasa- 
hoppers)  in  which  the  B0-caI]ed  '  auditory  saccules  '  Lave 
been  positively  detected.* 

*  Tbe  Organs  of  Hearing  in  Fishea  are  alwaj-a  douVtle^  aa  iu 
invcrtebrttt*  fttiinmla.  They  are,  moreoverf  eituated  witliiri  tlie 
body,  and  isoatly  have  no  oonnectien  with  its  anrfoce.  SoiDctimcB 
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The  ganglia  at  the  roots  of  the  Olfactory  and  Optic 
nerves  are  sufficiently  olivious  an<l  remark alile,  so  that 
no  further  refcrsEce  need  here  h&  made  to  them,  except 
to  point  out  that  they,  togethor  with  the  ganglia  at  the 
roots  of  tLe  Triffeminns  and  Vagns,  nndcrgo  a  propor- 
tionate diminufion  in  size  aa  the  Cerebral  Lobes  become 
better  developed,  among  Reptiles  and  Birds — changes 
which  ficcni  to  imply  that  fuiictioiiB  previously  discharged 
by  lower  aensory  ganglia  are  gradually  passed  on  and 
merged  as  products  of  a  higher  order  of  cerebral  activity, 
when  Kuch  higher  co-orditiatiiig  centres  arise  and  come 
into  fuller  Bction. 

The  ganglia  at  the  roots  of  the  Auditory  nerves,  how 
ever,  do  not  seeni  to  attain  their  maximum  size  till  w 
come  to  ItopUles,  a  fact  which  may  be  accounted  for  hf 
the  probably  rtidimoiitary  state  of  thia  senae  endowment 
amon^  Fishes. 

It  will  be  found,  therefore,  to  be  a  peculiarity  of  all 
ScuBory  Nerves  in  vertebrate  animals  that  their  fibrea  pass 
thron*j[h  such  Ganglia  before  they  impinge  upon  the  ^eat 
nerve  centres — a  fact  originally  noticed  by  Sir  Charles 
BelL  No  corresponding  gnngha  exist  in  connection  Kith 
motor  nerves,  outside  the  anterior  cornun  of  the  spinal  cord. 

they  are  Ickdged  outside  the  craniul  cavitj,  Bometim^B  in  the  walW 
of  the  craaintn,  and  ftometitnes  half  within  and  Kulf  outeide  thii 
cavity.  Their  biructarc  is  ejLtrcmelj  bid; pie,  and  in  some  fiehefl 
Ihey  five  only  a  very  little  more  complex  than  the  'auditory 
gncctilea '  met  with  in  the  Cuttle-fi«h,  In  th«  fact  that  in 
Fishes,  aB  in  other  verlebmt^fl,  the  nuditory  organs  are  always 
flitiiaieil  in  the  heaj,  we  have  a  departnre  from  the  rule  an  commonly 
obtaining  among  Invcrtebraten.  Perhaps^  in  its  aimpleat  fornui) 
thiB  upparatua  nriay  have  as  mach  to  do  with  the  orgauiara'a  SpncA 
rcliitiouA  na  with  Hearing  {aee  p  218). 
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THE  DTIATN  OF  RHPTILES  AXD  OF  BlTlDfl. 

nervouii  system  of  RcrTiLEs  generaliy  exists  in  a 
tly  more  developetl  form  ibun  thai  wliich  is  nommau 
amongat  Kishes, 

The  Spinal  Cord  occupies  the  wliolo  length  of  tliG 
spinal  canal.  It  is  slender  aud  almost  uniform  in  thick- 
ness in  Serpents,  though  i£  ia  relutively  stouter  in  Croco- 
diles and  tiidr  allies.  In  the  Ifilter  it  also  presents 
decided  swellinga  in  those  regions  wLcnco  tho  nerves  are 
given  off,  on  each  side,  for  the  fore  and  hind  limbe. 

The  principal  divisions  of  tlie  Bruin  ftro  the  same  in  all 
kinds  of  Reptiles,  though,  ila  mip^tit  have  been  expected  from 
the  varied  fom  and  nature  of  the  diflferent  representatives 
of  this  great  class,  the  respective  development  of  the 
ecvsnd  divisions  of  the  organ  varies  much  in  different 
orders. 

The  IileduUa  Oblongata^  directly  oontinuous  with  Iho 
spinal  cord,  slightly  widens  at  its  upper  part,  where  it  is 
anrnjounted  by  the  Cerebellum.  This  latter  structure,  in 
the  Lizard  (fig,  59)  and  its  allies,  is  very  sraallj  consisting 
only  of  a  thin  Umclla.  The  cerebellum  is  larger,  how- 
ever, among  Serpents  (fig.  58),  and  it  becomes  still  more 
developed  in  Turtles  ((ig.  01)  and  Crocodiles, 

The  Optic  Lobes  are  reiatively  smaller  in  most  Reptiles 
than  they  are  among  FiaLcs ;  and  in  the  B<>a  Constrictor 
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they  allow  d.  transverse  fissure  which  divitles  the  two  bodies 
into  four  parts,  correapouding  to  the  'corpora  quadrigemina* 


PiQ.  Sf^.'-Dr-iln  Mild  LV^lnl  ^I1HTBt of  OnMiHotf IT.  [Rymtir  Jon«fl.  »fl0rB«l&) 
c,  Cm^Nral  lo1>ei ;  L,  uphc  wHh  tmriErroTiMj  iJ«jircMl«Mi ;  f,  ctfrcbbtiani :  ft^umtt" 

bruio  of  th«  lic.ie  ;  J,  olfjuitfiry  nmo  :  2,  upt\c  bctto  ;  H,  tbirtl.  or  coirnnon  flC«l»» 
muMiihij-  Qorvb;  *.  fourtli^  dT  trochlear  non'o  lo  thu  ftupDrlor  >u^Ilt^u>fl  niiisclo  of  Ui* 
tjn  :  ftnt  tn>nk  of  1h«  nrth  ;  0,  ic  ?i>nd  truilk  of  the  nrtb  t  7,  tblM  tniiik  of  tbs 
fifth ;  hnrl  portUmof  tJio  RWTenth  iiervia ;  ^,  nudftury  uorvs :  li>,  ^iovopliarrnf^ 
ntrvB ;  11.  tnmk  of  the  T^jfii*  netvc;  U',  ninth  nerve   TTio        thft«  iittrre*  «™ 
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of  higher  Vertebratos  (fig.  58,  Between  the  optic 
lobes  and  the  next  great  divisioa  of  the  brain,  the 
cerijbral  lobes,  we  fiiid  the  so-called  '  piueal  body '  (lig. 
61,  j),  projecting  upwards,  and  in  a  more  developed  form 
than  that  which  is  met  with  in  Pishes.  The  nature  and 
UBi^a  of  this  body  are  wholly  unknown.  It  is  ehielly 
Dotoriotia  from  the  fact  that  Descartes  pointed  tg  the 
corresponding  etrncture  in  the  hiimttn  brain  as  the  "  seat 
of  the  Soul." 

The  Cerebral  Lobes  in  the  Lizard  (tig.  ij9)  and  its  alliea, 
aB  well  us  in  Amphibia,  are,  iu  comparison  uith  other 
parts  of  the  brain,  much  larger  than  in 
risbefi.  This  is  due  only  in  part  to  an 
absolute  increase  in  their  development,  as 
there  seems  to  he  some  diniinution  in  tho 
size  of  the  olfactory  and  optic  lobes  and  the 
cerebellum.  In  Serpents,  Crocodiles,  Tur- 
tles (fig,  61),  and  their  allies,  however,  wo 
meet  with  a  decided  absolute  increase  iu  the 
Bixe  of  the  cerebral  loljes*  Iu  Crocodiles, 
for  instance,  they  are  much  hirgcr  and 
broader  thaa  other  parts  of  the  brain, 
though  their  surface  is  still  quite  smooth. 
Each  lobe  contains  a  cavity  or  *  ventricle  * 
in  its  interior,  as  in  some  of  the  higher 
Fishes,    Bat  in  Reptiles  the  ventricle  is  /■  i';^*^  body; 


Flo,  Brola  of 
LJawrd  (iui^/fei  viri- 


CerebrtU 


bomUphena ;  ft,  op- 
tic lob«H ;  c,  (JOTplwil- 

f,  IvtirtJi  ventricle ; 


olFiic  i.oty 
(Owim.) 


larger,  and,  projecting  from  its  anterior 
and  inner  surface  there     a  rounded  emU 
nence,  supposed  by  some  anatomists  to  represent  a  body  of 
considerable  impoi'Uucc — which  ia  known  amongst  higher 
vei-tobratea  as  tlie  '  Corpus  Striatum '  or  striate  body. 

Each  Cerebral  Lobe  ia  connected  with  its  corresponding 
optic  lobe  and  with  the  same  half  of  the  medulla  oblongata^ 
by  means  of  a  thick  and  composite  prolongation  called  the 
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'  cerebral  peduncle/  On  the  upper  and  inoer  part  of 
of  these  composite  pedtinele»t  jost  Antemr  to  the  optie 
lobes,  there  is  a  £iwaU  projection,  sapposed  to  auswer  to 
another  verr  important  g:ingIioDic  hodj,  which,  in  higli<^r 
vertehrat^s,  is  known  as  the  '  ThilamiM/  As  to  the 
identity  of  these  bodies,  iiowever,  some  difference  of 
opinion  exists,  Thev,  together  with  the  inner  faces  of 
the  pcdtinclea  on  which  they  are  sitttated,  constitato  the 
lateral  boundflries  of  another  brain  cavity,  kuonn  as  the 
*  third  ventricle/  which  is  mostly  covered  over  above,  by 
the  backward  extension  of  the  cerebral  lobes, 

A  band  of  tibres^  termed  the  *  anterior  coinmisao 
whicb  connects  certain  regions  of  the  two  cerebral  lobee 
hereafter  to  be  specified—arches  across  the  anterior  part 


.'4 

*art  ^ 

4 


Pio.  60. -Vertical  Lnn^tudltud  ftocHon  of  U»o  !ftmln  of  Perdi.  (MEnrt.)  ] ,  OUm 
li^  if\K ;  »,  cerrbfil  lobo  ;  body:  4,  opdc  lobf,  with  \sagv  cftTtlj  vlUiUi: 

fi,  Lcrehellum-.  9,  iritiiiU^  body ;  T.  hyvMTtntm. 

of  this  Third  Ventricle ;  whilat  the  upper  strata  of  the  two 
ccrebrn.1  peduncles  are  connected  by  means  of  a  stnaUer 
*  posterior  commissure,'  crossing  ihc  posterior  honndarj-of 
this  ventricle,  just  iu  front  of  the  optic  lobes.  The 
peduncles  or  attachments  of  the  before-mentioned  *  pineal 
body*  rre  structural  relation  with  the  posterior  com- 
miBBurc, 

Tho  Third  Ventricle  is  continuous  below  with  a  funnel- 
like  prolongation,  at  the  extremity  rjf  Mhich  is  a  structure 
namt»d  the  '  pituitary  body/  not  altor^ether  unlike  the 
^pincfd  l»mly;  and  whoso  u!ie  is  similarly  unknown, 
ThouRh  present  in  Fislies  and  higher  Vertebra^ 
pituitary  Iwdy  ia  OHpocially  large  in  many  Eeptilca, 
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The  Olfactory  Lobes  have,  throughout  the  class  of 
Heptiles,  a  smaller  proportioniite  size  than  iu  Fishes.  In 
Serpents  (fig.  58)  and  Orocodilea  they 
Bfc  situated,  m  in  some  of  the  last-named 
creatures,  at  a  distance  from  the  cerebral 
lobes — being  connected  with  them  hy 
long  peduncles.  In  Lizards  and  their 
allies  the  olfactory  lobes  are  more  or 
less  continuoua  with  the  cerebral  lobes 
(fig.  S9) ;  while  in  the  Tnrtle  and  other 
Cheloniana,  tbcy  axe  marked  oft'  from 
the  anterior  extremities  of  the  cerebral 
hemispheres  only  by  a  slight  conal.riction 
(fig*  61,  a),  and  each  olfactory  lobe  is 
penetrated  hy  a  prolongation  from  the 
corresponding  cerebral  *  ventricle.' 

"With  regard  to  the  Cranial  Nerves 
of  Keptiles,  it  may  be  remarked  that  the 
Trigeminua  and  the  Vagus  (or  visceral 
nerve)  are  still  very  large,  hat  neither  of 
them  swell  at  their  roots  into  sncb  dig- 
tiDct  ganglia  as  in  Fishes,  The  GloBso- 
pharyngeal,  or  nerve  of  taste,  joins  the 
internal  nucleus  of  the  Vagus  in  Amphi- 
bia, though  in  Serpents  and  higher  Rep- 
tiles it  has  a  nucleus  of  its  own,  distinct 
from  that  of  the  latter,  The  Auditory 
nerves  are  large,  and  m  Turtles,  Croco- 
fliles,  and  fhi^ir  allies,  they  swell  into 
difitiuck  ganglionic  enhirgcments  at  Iho 
iMick  of  the  medulla,  on  each  Bide  of  the 
floor  of  the  '  fourth  vejitricle.' 

e  brain  of  Reptiles,  like  that  of ^"^^ 
J3,  ia  still  eharacterized  by  the  arrangemi 
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eeyeral  parts  and  the  Bpinul  cord  in  the  eame  lionzoDtid 
pkno,  and  by  the  small  size  of  the  Brain  as  compared  with 
the  Itilter  Btructure.  Still,  the  brain  is  more  nearly  equal 
in  woi^lit  to  tho  cord  than  it  is  in  FtsheB,  and  it  at«o 
bears,  in  the  naajority  of  Reptiles,  a  greater  proportion  to 
the  total  body-weight*  ^ 

But  in  Birds  we  find  the  Brain  attaining  a  notably 
greater  size  in  proportion  to  the  bulk  of  the  Spinal  Cord 
than  it  has  among  HeptUes,  and  also  presenting  other 
signs  of  iDcreasod  development.  i 

According  to  Leuret,  the  average  proportional  weight  of 
tlio  brain  to  the  body  in  the  four  undermentioned  classes, 
as  deduced  from  numerous  obserrationB  on  difibrent 
representatives  of  each,  may  be  stated  to  be  as  follows  : 

In  FWHES   aa  1  to  5,6GB     In  BiHPs   aa  1  to  212 

In  BjsrriLES         aa  1  to  l,3^il     lix  iTAMMAUA...  as  1  to  18!? 

These  figures  must,  of  course,  be  regarded  merely 
approximate  averages. 

No  peculiarity  worthy  of  note  exists  in  the  Spinal  Cord 
of  Birds,  except  that  in  the  situation  of  its  posterior 
enlargement,  corresponding  with  the  attachment  of  tho 
{^reat  nerves  of  the  legs,  the  posterior  columns  of  thi 
cord  diverge  from  one  another,  and  shortly  again  approid* 
mate  so  as  to  form  a  space,  known  as  the  *  rhomboidal 
sinua.'  This,  however,  is  an  anatomicfll-pecnliarity  to 
which  no  physiological  significance  is  atti^ehed. 

The  MeduUa  Oblongata,  fiom  the  back  of  which  thd 
cerebellum  is  developed,  is,  in  Birds,  decidedly  broader 
than  the  spinal  cord.  As  in  lower  vertebrates,  the  diver- 
gence of  the  upper  or  posterior  columns  of  the  cord 
leaves  at  the  corresponding  surface  of  the  medulla  the 
B]>aco  known  as  the  '  fourth  ventricle/  which  becomes  mucU 
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more  completely  iNsofed  over  tlian  it  is  m  Fishes  or  Bep- 
tilea,  by  Iha  under  surface  of  the  now  larc;er  cerebellum 
(tig*  64).  TLf?  Auditory  norves  arise  from  about  the  middle 
of  the  floor  of  the  fourth  ventricle,  where,  as  in  some 
Reptiles,  they  are  connected  with  a  distinct  franfjlionic  emi- 
nence on  each,  side  of  the  middle  line.  The  Trigeminus 
ia  always  lar^e,  aud  exceeds  all  the  other  cranial  nerv^a  m 
siz£?,  with  tho  oxception  of  the  Optic. 

The  Cerebellum  ia  much  krger  than  wc  hare  hitherto 
met  with  it — with  the  single  exception  of  thnt  of  the 


FiQ.  ta.  Fia.  63*  Fin, 


Tia.  02. -lir.iiu  of  ri^u'nu.    (F«rrlcrJ   a,  CcrxibnJ  1iciulii|ilicrca ;      optic  lube; 

CcrebuUuui  wit}i  tranHvur^.^  fLkirnwe  ivrni  very  i-iniUI  t»tvnU  lobu. 

Piti.  03.— HiuliL  And  ifflkH  of  Sylnal  Cord  oi  L'bick  1^  day»  old,  lUowijig  tlie  opUc 

1lu};«ft  {'j)  mLUI  in  ooiitact — *lt  tlivir  iiiliKr  btirdyn*,    (OwoU,  ndtur  SmdQnou.) 

Vto.  04.— Bntfn  and  fxirt  ot  Sploal  Cut\t  of  Ch^ck,  2ri  duyis  old,  JiLuwIti^  iho  optii 
\oimm  {t>)  now  vLiitily  iiepcmittid,  Kud  cctulwUuin  [c]  gr&tlf  ilqv^iipad.  (Owati, 
nftcr  AtideiDdtiO 

Shark,  It  now  consists  of  a  more  or  less  ovoid  median 
lol>e  (deeply  scored  by  transverse  fuiTOWs),  and  of  two 
much  smaller  Interal  portions^  which  project  slightly  be- 
hind the  optic  lobes  ifig.  63,  c). 

These  Optic  Lobes  are  pn^hcd  aside  and  depressed  so 
hat  they  are  partly  covered  by  the  large  cerebral  hemi* 
spheres  (figs.  Cli,  04).  In  form  they  are  rounded  bodiesj 
showina;  no  trace  of  a  transverse  division.  Each  contains 
a  cavity,  opening  below  and  internally  into  a  Bubjacont 
paasagc  or  canal,  which  serves  to  connect  the  fourth  with 


7mm  wm^ss  or  umus 


tbe  hnm,  with  videfa  (m  ib  RcftOes)  tkm 
ibe  'pineal  bo^'  are  eoomteitd — a 
Men  to  prefect  m  the  Imia  of  Birds  betveea  thi  ccKdml 
and  the  es^i^am.    A  tittJe  im  fraot  of 

»  lumdid  ftmiiMMe  aaj  bo 
MB  on  tfca  apper  and  iaser  aspect  of  each  eeRbnl 
pidfliiilci  tbwt  is,  on  the  portioD  which  ooaatitntaa  part 
flf  tiM  blenl  bowndaiy  of  the  tfahd -feotnelc^  A  vmilar 
prqjedim  baa  been  pravioaaKy  jgoiM  to  aa  oeeoniiig 
in  aosne  Bcptikat  and  it  U  gnppoaed  to  eom^ond 
«Ub  the  iinportapt  ■troetam  tetned  tbe  'Thalanaa' 
of  a  Itfamioara  brain.  Tbe  aaterior  paK  of  the  floor  of 
the  third  Ttntnete  atiU  commcnkataa,  hj  a  short  hoUovr 
pedaaele,  with  the  peealiar  '  patnttaiy  bo^ ' — a  stnMtan 
iriiicb,  in  Bixda  (fif.  6S,  *)  ia  proportkmatdj  kaa  de- 
Tetoptd  tban  io  Beptikc  and  Fishea  (fig,  60,  <)• 

Tba  C«rabTa3  Lobea  are  large  a&d  more  or  less  rooadod* 
tbooi^  ihaj  are  iUu^ned  at  dwir  ioner  Uce^,  whera  they 
MMDa  into  ooDtact  with  one  aiKiiher  (6g.  65).  Theae  aU- 
important  dirUioDJ  of  the  brain  are  omooth  and  still 
dcToid  of  coavolntioofl;  jei  m  m>me  hirds  there  are  ttaoeM 
of  a  Jcprea«M>p,  annwenug  Lo  a  well-marked  fi&sure  (tbe 
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lylvian always  retsognizablo  in  the  brain  of  higher 
Mammala.  The  cavity  ivitbiTi  each  of  the  cerebral  lobes — 
unsweriog  to  the  *  luteral  ventricles  '  of  the  human  brain* 
— is  comparatively  large,  auJ  projecting  frum  the  anterior 
ami  external  part  of  the  floor  of  euoh  of  them,  there  is 
an  eminence  generally  admitted  to  correspond  to  the 
*  Corpas  Striatum '  in  the  brain  of  Man  and  Mammals 
generally*  The  inner  walla  uf  thts  hiteral  ventricles  are 
thin,  and  almost  in  contact  with  one  another.  They  con- 
Btituto  the  inner  boundaries  of  the  cerebral  lobes. 


Fto.  as. 


FlQ.  ej.— BriLiti  tif  Corncnoa  Fowl  In  bdult  conditiuiii.  {Spunliatni.)  c.  Optic  loboA 
ih  part  WdJerj  by     L-*.'rL-i«rj,l  hcmlMiiheHii. 

Fiu.  iW.— Jirain  l']^:<.'Mn,  ilJe  vl«w.  (Mivart )  1,  Olfactory  Ivbc:  2.  ecrehml 
h«iuijpt)«r<o ;  3,  pJuit«J  Uxly  ;  4,  upUc  lobo  ;  fl,  csrobeMuni ;  0,  [lituiLary  Itud; %,  optio 
uerre. 

Theae  lobes  are  structurally  counectedj  as  in  Reptilea 
and  l*jahes,  by  a  well-marktid  '  anterior  commissure/ 
while  above  and  behind  it  there  exists  another  aet  of  con- 
necting fibres,  deemed  by  some  anatomists  to  represent 
the  commencement  of  Lhe  ^  Corpus  Gailoaum/  This  latter 
the  great  transverse  commissure  which  unites  the  two 
halves  of  the  brain,  and  whose  size  increases  as  we  pass 
m  lower  to  hisrher  orders  of  the  Mammalian  smes. 


m 
til 


*  These  are  the  tii*»t  und  8ecoi]d  ventticlea.     The  third  is 
ted  between  tba  cerebral  pedniifiles,  the  fourth  at  the  back 
the  meduJla,  and  the  fifth  veutriclti  will  be  suhseciuently  re- 
terrt'd  tw  in  the  description  of  the  bruiu  of  Quudrupeda. 
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The  Olfactory  Lobea,  cauipaiatively  snmll  in  siz^,  are 
found  ia  front  of,  and  partly  beneath,  the  cerebral  lobes 
ffig.  66,  \).  They  are  trae  outgrowths  from  tbe  cerebral 
lobes,  and  the  canity  within  each  of  them  is  continuous 
tbrougb  its  peduncle  mth  that  of  the  corresponding^ 
ventricle.  Each  '  lateral  ventricle  '  is,  in  fact,  prolonged 
into  the  olfactory  ganglion  of  the  same  side. 

Looking  to  the  general  characteristics  of  the  Brain  iii 
Birds,  we  find  that  tho  Cerebral  Lobes  and  the  Cerebellum 
have  attained  a  much  greater  development  than  ia  to  be 
raefc  with  among  Fishes  and  Eep- 
tiles  ;  while  the  relatively  smaller 
Optic  Lobes  aie  displaced  down- 
wards and  outwards,  as  though 
from  the  pushing  forwards  of  the 
cerebellom.    The  several  parts  of 
the  Brain  are  no  longer  in  serial 
order,  and  in  the  same  bonzontAl 
plane  with  the  Spinal  Cord.  Tho 
greatly  increased   weight  of  the 
Ytft.  67.-Bn.Jtt  of  Sea  Gull  Organ  as  a  whole,  in  comparison 
(Owin,aft*rAndoMom)a.cy]-«-  ^yitU  that  of  thfi  cord  and  of  the 

bnl  heiuLK)thamfl  :  ti,  nptia  lube* ;         <       «  i 

e».roiwiiuiti ;  rf,  npiaai  cord.     eutiTc  Dody,  are  also  Been  to  be 
marked  features,  distingmshing  tbft 
Bmin  in  Birds  from  that  of  lower  Vertebrates^ 

The  Visceral  Nervous  System  in  Lower  Verte- 
brates.—Aa  an  addition  to  this  account  of  the  Cerebro- 
Spbal  Axis  in  Fishes,  Amphibia,  Reptiles,  and  Birds^ 
a  word  or  two  may  heve  be  appropriately  said  in  regard 
to  the  Vifireral  System  of  Nerves  met  ydih  in  these 
animals. 

We  saw  reason  to  believe  jp.  110)  that  impressions 
emanating  from  the  Viscera  constitute  an  important  part 
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of  the  ganerul  Btock  of  afferent  impressionB  which  aroaae 
the  brain  flctivily  and  mental  lifo,  such  as  it  is,  of  lover- 
tebrato  auimals ;  and  that  such  impressions  furnish  the 
intorDal  promptings  or  stimuli  ineitiug  these  animals  to 
not  a  few  of  th€  acts  and  movcuietits  they  are  accustomed 
to  perform. 

No  excusej  therefore,  is  jjeeded  for  what  might  at  first 
eif^bt  seem  a  departure  from  our  proper  subject,  in  taking 
account  of  this  visceral  portion  of  tho  NeiTons  System, 
All  the  avGjities  whence  iniprcssionB  com©  to  the  Buprera© 
centres,  must,  ia  fact,  be  considored  by  any  one  who 
would  properly  understand  the  real  share  of  the  work 
which  the  Brain  takes  as  an  Orffan  of  Mind, 

The  Visceral  Svsteni  of  Nerves  in  Fishes,  as  in  other 

*■  f 

Vertebrates,  is  divisible  into  two  main  parts,  which,  nevor- 
theless,  are^  to  a  great  extent^  dii^tributed  togetlier  and  to 
the  Bame  organs.  There  is,  in  the  first  place,  a  set  of 
Cerebral  Systemic  Nerves,  represented  by  the  Glosso- 
pharyngeal  and  the  Va^s  or  Pneumogastric — and  these 
Boem  to  ho  almost  wholly  afferent  nerves  conveying  im- 
pressions from  the  Viscera  to  the  Medulla,  Secondly, 
there  ia  tho  '  Sympathetic  System  *  of  Nerves,  which, 
tltough  to  a  certain  extent  an  iudepcndent  system^  ia 
also  closely  related  to  the  Cerebro-Spiaal  Asia,  by 
means  of  frtie  intercommunications  passing  between  the 
*  aympathetio '  ganglia,  and  tho  anterior  spinal  nervoa 
as  well  as  most  of  those  which  are  attached  to  the 
medulla. 

In  this  latter  system  there  are  afferent  and  efferent 
bres   passing  between  the  Viscera  and  the  several 
ympathetic  ganglia  *  with  which  they  are  in  relation ; 
hile  these  ganglia  are,  in  their  turn,  connected  by 
flferent  and  efferent  fibres  with  the  cerebro-spiDal  axis, 
in  the  manner  above  indicated.    Though  there  may  he, 
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and  probably  ib,  &  considerable  amouot  of  indepeudcnt 
activity  on  the  part  of  the  *  Sj'mpalhetlc  System,'  the  action 
of  ita  several  parts  is  also  subject  to  the  coutrolliug  ami 
regnlatiug  induenca  of  certain  cerebro-spinEil  ceatrcs,  with 
which  they  are  connected  in  the  manner  above  referred  to. 

In  the  Suctoriiil  Fishes  and  the  Lepidosiren,  the  *  Sym- 
pathetic Sy&tem  *  is  sfiid  not  to  exist,  though  the  Cerebral 
Systemic  Nerves  are  large  and  widely  distributed  over  the 
riscera.  In  the  Sharks  and  Eays^  also,  thia  system  is  ill- 
developed,  but  in  the  mnjority  of  oaseoua  Fishes  it  consists 
of  ft  cord  on  each  side  of  the  spine,  forming  connections 
with  the  cerebral  and  ispiual  nerves,  and  in  some  of  the&6 
eituationa  developing  bid  all  ganglia  and  sending  off 
branchefl  lowarda  the  viscera,  which  unite  with  others 
frora  the  Vagus  nerve,  so  as  to  form  large  median  '  plex- 
nsee/  or  '  pleiLusea  '  and  ganglia,  whence  maltitudes  of  I 
fibres  are  distributed  to  the  ditferent  internal  orgaiu.  | 
Many  difl'erences  of  detail  occur  in  dilferent  Fishes,  * 

In  Reptiles,  also,  there  are  various  minor  modifications; 
but,  on  the  whole,  tlie  connections  of  the  *  Sj.Tnpftthetic 
Syatem  '  with  spinal  nerves  are  more  developed  in  these 
animals,  and  the  Ganglia  at  such  points  of  junction  are 
more  numerous  and  distinct.    In  Birds  the  distribution 
of  the  Visceral  System  of  Isorves  also,  in  the  main,  tendfl  j 
to  approximate  pretty  closely  to  the  general,  plan  above  i 
indiratod,  which  will  be  deBcnbed  in  further  detail  wheo 
we  come  to  speak  of  its  more  complex  development  among^^ 
higher  Vertebrates.  , 

By  means,  therefore,  of  this  double  set  of  Viaceral^l 
Kei-vea,  the  internal  organs  are  brought  into  close  relation 
with  one  another,  aa  well  as  witli  the  Spinal  Ck>rd  and  | 
with  the  Brain. 

We  are  not  fairly  entitled  to  measure  the  intensity 
of  the  systemic  impressions  of  a  Fish,  a  Bcptile,  or  a  I 
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Bird,  by  that  of  those  with  which  we  are  oarselres  familiar- 
I  In  such  animals  many  visceral  impressioaa  may  bo 
i  decidedly  attended  by  more  of  conscious  accompaniment 
than  those  which  we  experience,  and  they  may  enter  in  a 
much  larger  proportion  into  tbowobof  sensory  imprcBsiona 
coiifitituling  the  basis  of  the  couscirms  life  of  such  creatures. 
Professor  Owen  trnly  says  of  Fishes  that,  the  appetito 
for  food  appears  to  bo  thtir  predominant  desire,  and  pro- 
viding for  its  gratification  to  form  their  chief  occupation.** 
Certain  it  is,  that  wliun  prompted  by  different  visceral 
states,  animnls  may  show  an  extraordinnry  amouiit  of 
Bensorial  activity  and  power  of  execnting  related  niiiscnlar 
movements.  The  sensorial  endowments  of  the  Shark, 
of  the  Python  f  or  of  the  Vulture^  are,  when  these 
creatures  are  under  the  influence  of  hunger,  exalted  to 
the  highest  degree  ;  so  that  at  snch  times  either  of  Ihem 
may  become  keenly  Beusitive  to  odoniSj  sounds  or  sights 
which,  had  they  been  in  a  state  of  Katiety,  might  hare 
passed  wholly  nnheedej*  Similar  differences  also  exist 
between  tho  degree  of  sensorial  activity  of  animals 
swayed  by  sextml  desire^3,  and  those  in  whom  such  feelings 
are  quicBcent.  These  two  classes  of  visceral  promptings 
largely  instigate  and  doniinato  the  brain  activity  of  all 
lower  animals,  and  when  the  related  needs  or  desires 
no  longer  exist,  and  no  longer  rouse  the  creature's  senso- 
rift]  activity,  liluop  is  apt  to  com.e,  as  with  a  veil,  and  sever 
for  a  time  the  correspondence  between  the  organism  and 
the  outer  world. 


CHAPTER  X. 


THE  BOOPB  or  UIXD. 

Mcca   needless  confusion  i&  ofteu  thrown  otct 
BLndy  of  mental  phenomena  by  tbe  mode  in  which 
subject  is  regarded,  Jind  by  tbe  pbraseologr  in  commo 
nso.    It  is  customfiry  to  Kpenk  of  *  the  Mind,'  us  tbong 
it  were  a  somtthlug  having  an  iiciual  independent  exist* 
ence — an  etitity^  that  is^  of  '  spiritnal '  or  nnrorporcol 
nature.      Consequent!)*  we  find,  spread    abroad  in  all 
directions,  defiuitionsof  Mind  and  descriptions  of  the 
powers  of  Mind  wbich,  to  say  tbe  least,  carry  with  them 
implications  of  a  decidedly  misleading  cbamcter. 

It  is  tbe  common  and  alaio-at  inevitable  practice  of 
substitntiug  some  abstract  word  for  a  more  cumber&ouie 
phrase  or  statement^  which  tcndH  to  keep  tip  th6  fiotton  of 
a  diaLinct  psychical  entity.  Thus  the  word  'Mind'  is 
generally  used  as  a  cullcctive  designation  for  the  subjective 
atatea  which  reveal  thenieelves  to  each  one  of  ns  in  cou' 
sciimsncss,  and  which  we  infer  to  exist  in  other  beings 
like  ourselves.  But  the  genesis  and  real  legitimate  mean- 
ing of  such  a  term  is  only  too  frerpiently  ri>rn;ott^n  by 
Bomo  writers,  wbilstj  by  others,  it  bus  never  been  clearly 
apprehended;  as  a  consequence,  the  word  '  Mind'  comes 
to  be  tised  most  freqa^ntly,  not  as  a  general  abstract  * 
name  answering  to  no  independent  reality,  but  &s  though 
it  oarresponded  to  a  real  and  positive  something,  cxisling 
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!  of  aud  by  Itself*  A  similar  popular  fallacy  attaches  to 
the  commun  ftccoptntioii  of  the  wonl  '  Life,*  To  many 
this  also  ia  the  name  of  an  entity,  tbougUj  in  reality,  it 
is  only  a  more  general  abstraction,  including  nnder  it  the 
one  with  which  we  ara  now  concerned- 

The  terra  '  Mind/  indeed,  do  more  correapouda  to  a 
tlefiiiite  self-existing  principle  than  the  word  *  Magnetism.' 
This  concluKion,  if  not  a  direct  revelation  of  Conscioua- 
uess,  is  one  of  those  *'  legitimate  inferencea  "  to  which 
John  Stunrt  Mill  alludes,  in  the  following  passage^  as 
coiisLituting  ao  lar^e  a  part  of  human  knowledge. 

He  says*; — "  All  theorien  of  the  human  Mind  profess  to 
be  interpretationa  of  Couaciousneas,    The  conclusions  of 
all  of  them  are  supposed  to  rest  on  that  ultimate  evidence 
^     either  immediately,  or  remotely.      What  CutisciouBiiess 
I    directlif  Tcveah,  together  tvith  what  can  he  hfjit'tmnteltf 
ittfirred  from  its  rt^vclalioni^f  coiftpose  htf  vjjh'L'tatjl  adiuis- 
)     sion  all  that  we  know  of  the  Mind  oty  indeed^  of  any 
j     other  thing/' 

The  various  conscious  or  subjective  states  known  to 
each  one  of  us  are  often  classified  under  three  principal 
categories,  corresponding  to  what  are  commonly  spoken 
of  as  (I)  Sensation  and  Emotion ;  (2)  Intellect,  and 
(3)  Will  or  Vohtiou. 

AH  that  we  know  of  Mind  is  derived  directly  or 
by  inference,  from  our  own  subjective  states  (Suhjeciive 
Ps'j<'holoffff)f  supplemented  by  (^^),  what  wo  are  able  to 
infer  from  the  words  or  other  actions  of  our  fcllow-men 
and  lower  animitls,  as  to  the  poaeession  by  them  of 
similar  states  {Ohjcctive  Pjujchobtffff),  and  (c)  by  what 
we  are  able  lo  learn  as  to  the  dependence  of  these 
Bobjective  statea  n[)on  the  activity  of  certain  parts  of 
our  bodies  aud  of  the  bodies  of  other  animals  {Neurology, 
*  '*  Exainin«tion  of  Sir  WiUbm  Hatailton's  Philoeopby,"  p,  107< 
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states  (tbat  iSj  in  the  spheres  of  Objective  Psjcliology 
and  Neumlof?)')^  bufc  also  in  regard  to  the  whole  system 
of  KataraL  Koowledgo.  Thiia^  as  regards  vital,  mental, 
magnetic,  electric,  thermal,  chemical,  mechflnical,  and  all 
other  phenomena,  our  actual  present  *  knowledf^e  *  is 
made  up  of  a  closely-intorwoTGn  potential  but  intelligible 
fabric  derived  from  aetunllj  existent,  from  remembered, 
described,  or  inferred  Conscious  States  or  relations  be* 
tweea  them,  t^jgether  wilh  inextricably  intermixed  and 
more  or  less  '  legitimate  inferences'  therefrom. 

Our  knowledge  of  what  is  called  Objective  Psychology^ 
Rs  well  fts  our  knowledge  of  the  relation  of  subjective 
states  generally  to  the  activity  of  the  Nervous  System,  aa 
deduced  from  its  Anatomy,  Physiology,  and  Pathology 
(the  knowledge,  that  is,  which  contributca  ho  largely  to 
make  np  what  we  know  coucerniug  Mind,  or  mental 
plienomena)  stands,  therefore,  on  precisely  the  same 
foundation  aa  our  knowledge  of  Magnetism — that  is  of  tho 
magnetic  phenomena  presented  by  different  forms  of  iron, 
Tho  word  ^  Ma^etism  *  is  one  which  has  come  into  usg 
in  much  tho  siime  way  as  the  word  *  Mind/  although  it 
is  true  that  the  connotation  of  the  latter  is  wider  in  kind 
and  degree,  since  under  it  we  include  not  only  what  are 
conHidered  '  legitimate  inferences'  from  conscious  states 
(our  only  sources  of  knowledge  concerning  Magnetism), 
but  also  these  very  conscious  states  themselves.  It  is  on 
tLifl  latter  ground  only — though  of  course  it  ia  one  of 
fnndamcntal  importance — that  our  knowledge  of  *  Mind  * 
differs  from  what  we  know  generally  in  regard  to  all 
other  natural  phenomeim. 

From  A  baaia  of  agreement,  therefore,  as  to  the  ooknovf' 
ledged  insufficiency  of  the  direct  revelations  of  Conscions- 
nesfi  in  any  branch  of  natural  knowledge,  it  seems  to 
the  writer  incontestible  that  the  same  kind  of  evidence  as 
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Ibst  wfaidi  ■wiiHB  US  of  the  exnteacB  of  oar  am  ho^m 

of  the  properties  of  exi«ti>ftl  things  {viz.,  ksfemcei 

from  eoDieioiis  states),  ahoviid  guide  ns  in  the  stadjr,  ftnd 

ae  to  the  eoDclaaions  dedoeible  from  oar  own  mental 

phenomens  mud  thocc  of  other  living  hpiugs.  An  attentive 

insideratioD,  howeTer,  of  socb  evidence  altogether  &ilfi 

asKure  ns  of  the  existence  of  '  the  Mind*  as  a  self* 

exifttent  entity.    It  is,  indeed,  qaile  the  reverse.  Very 

mnny  of  those  who  are  most  eutttled  to  form  a  judgment 

npon  this  fluhjoct,  regard  it  as  a  *  legitimate  inference* 

from  exi^ling  kitowledge  that  Conscious  Stalest,  and^  indeed, 

'mental  pltPDomena '  generally^  are  depi^udcnt  upon  thSi^H 

propertieH  and  molecular  activities  of  nerve- tisanes,  just  a4^| 

'  nmgiietit;  phenomena'  are  dependent  upon  the  properties 

and  molecular  nclions  of  certain  kinds  or  states  of  iron. 

Hf!;^ar(led  us  iiltiruute  facta,  we  are  just  as  impotent  to 

'explain'  the  relation  or  nexaa  of  causation  existing 

hetwuori  Mnj;Tie(,ic  Phenornenti  and  the  one  Bet  of  raoleca- 

liir  nrtivitioH,      we  arc  to  explain  Ujo  causation,  direct 

iudirectf  of  CouBcions  States  by  other  molecular  actili- 

tioH.    The  nitro  fact  that  wo  are  ench  of  ns  conscious  of 

tho  oxtHtonco  of  nitjiitftl  or  subjective  states,  inaurufahle 

aiul  nltininte  as  the&o  must  always  he,  certainly  cannot 

be  HUp]K)Hed  to  give  any  knowledge  of  *  Mind  '  as  a  self'-^^ 

existent  entiiv.  ^[ 

Sonm  of  tlio&o  wbo  srok  to  expound  meulal  phenomena 

frttui  H  Ncientilic  stan^I-point*  Imve  not  always  been  suffi^,^ 

cientlv  cartiful  to  suit  their  binguajje  to  their  viewsiH 

TliiH  sliniiid.  Innvev4^r,  he   done  somewhere ;    and,  if 

not  tf'iBowhc'ris  cortiiinly  in  a  prelimiuary  disquiBition, 

in  onler  Uint  there  ma^  h^  no  voom  fur  doubt  as  to  an 

anlhorVi  '    n  ht'  «see  the  k^nn  *  Mind.'  "Witli 

I    ,  furO^ev  ttaxarka  and  espUnatii 

«  givtn. 
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One  of  tbe  prinrijml  errors,  wLicli  tlio  mftftpliysieal 
conception  of  Wmd  as  iin  eniiLy  entails,  is  thiit  '  xtienLal 
plienomeua  '  are  supposed  to  be  limited  or  bomuled  by  the 
epbere  of  Conaciouan«sa,  That  this  has  been  tbe  view  of 
tbe  great  majority  of  philosophers  auy  student  of  tbeir 
TVvitiugs  will  easily  discover.  Thus  Consciousness  is  saiil 
by  one  of  thcra,  to  be  '*  the  fundftniental  condition  of  all 
ilelligence,"  -whilst  auolber  ludds  that,  **  of  all  the 
'senl  operations  of  the  mind,  consciouanesB  is  aij 
inseparable  concomitant."  Such  doctrines  arc,  indeed, 
legitimate  deductions  front  tLu  metaphysical  view  eoneem- 
iog  Mind,  though  its  inadequacy  ia  now  fully  recognized 
not  ouly  by  phvsiologifitB,  but  also  by  some  modem 
p^5Ycbolnf;^iMts.  Thu3  Professor  Bain,  after  speaking? 
of  Mind  in  its  three  fnudamental  eapaeilies,  Feeliogj 
Action  (Yolitton),  and  Thoa*^bt^  says* :  **  Consciousness 
insepamblo  from  tbo  first  of  these  eapacitiea.  but 
t  as  it  appears  to  m^,  from  the  second  or  the  third, 
rue,  our  actions  and  thou^^ht^  are  usually  coiiiiiciuus,  thai 
,  ore  known  to  us  by  an  inward  perception ;  but  the 
nficiotiRncBS  of  an  act  is  manifestly  not  the  act^  and, 
hoiTgh  the  assert-ion  is  less  obvious,  I  believe  that  the 
nsciousnesa  of  a  thought  is  distinct  from  the  tbou^dit." 
Tbe  Bphere  of  *  mental  phenomena'  cannot,  indeed,  be 
circumscribed  by  tbe  sphere  of  Consciouf?nesB,  and  the 
recopjnition  of  thia  fact  neceaaitfltca  the  absolute  rejection 
the  word  *  Mind*  in  its  old  siguificalkuii  and  conipelH 
ns  to  include  under  this  collective  abstract  term  multitudes 
processes  or  nerve  actions,  which  now,  so  far  as  we  are 
are,  have  no  correlative  subjecti^^c  aspects,  thoujrh  they 

•  "The  Senaea  and  the  Int-ellect,"  p.  1.    The  language  of  the 
Tee  fttatetncnts  there  given  hy  way  of  definition  of  Mi  nil,  seeiUjiiL 
imply  a  belief  in  a  aelf  exidtont  Bom^thing,  able  to  Feel  aad 
Think,  and  c&pubU  of  Aqting. 
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mBj  ititerv^De  as  indnbitaLle  links  or  eonetitnents  ol 
'  mental  plienomena.'  There  need  be  the  less  ht'sitation 
in  admitting  this  latter  conclus^ion  from  the  fact  thut  it  is 
ODC  which  each  of  us  can  so  easily  venfj  for  himself* 

We  are  frequently  conscious  of  the  first  term  of  some 
process  of  thon^bt^  and  v,g  become  aware  of  the  lastt 
whilst  those  ^'hich  intervene,  nnmerons  thoagh  they 
may  be^  do  not  in  the  least  rereal  (hcinpelves  to  our 
GonfjciouBncss.  We  seek,  for  instnnce,  to  recall  some 
name  or  word  at  the  time  forgotten.  We  are  eonscions 
only  of  ft  sense  of  *  effort*  which  muy,  at  the  time^  be 
fruitleaB,  and  yet,  after  a  period,  in  which  we  have  been 
thinking  of  other  things,  the  desired  word  or  name 
Buddenly  declares  itself  in  our  consciousness,  Wc  luay 
Baj  with  Dr.  Carpenter  :  Now  it  is  difficult,  if  not  im- 
posBible,  to  account  for  this  fact  upon  any  other  supposition 
than  that  a  certain  train  of  action  has  beeu  set  going  iU 
the  cerebrura  by  the  voluntary  exertion  which  we  at  ihrat 
made ;  and  that  this  train  continues  in  movement  afLef 
our  attention  has  been  fixed  upon  some  other  object  of 
thought,  so  that  it  goes  on  to  the  evolution  of  its  result, 
not  only  without  any  continued  exertion  on  our  parts  bat 
also  without  our  consciousnesa  of  any  continued  activity*" 
And  that  some  such  view  ae  this  has  commended  itself 
to  so  distinguished  a  philosophical  thinker  as  the  late 
J,  S.  Mill  may  be  gathered  from  the  following  quotation 
in  reference  to  parallel  phenomena.  He  says*;  **lf  wa 
admit  (what  physiology  ia  rendering  more  and  more 
probable)  that  our  mental  feelings  as  well  as  our  sensation* 
have  for  their  physical  antecedents  particular  states  of  the 
nerves,  it  may  wuU  he  believed  that  the  apparently 
suppressed  links  in  a  chain  of  association,  thoso  which 
Sir  William  Hamilton  coniiiders  as  latout,  really  are  » 

*  "  EJcaminntion  of  Sir  Wm.  HamiltoD'.  PbiloBopKy -  p. 
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that  Ihey  lire  not  even  momentftrily  felt;  the  chain  of 
causation  betnrf  continued  only  phtjaimlU},  by  otte  orgaiiic 
state  of  the  Ttt'rvdJi  succeed  in  (j  anolhef  m  mpidly  thfit  the 
stute  of  7nentat  consciouanefiS  appropriate  to  mc.h  in  not 
produced.'* 

It  is,  indeed,  certain  that  multitudes  of  nerve  actions 
having  no  subjective  Bide  (that  is,  which  are  unaccom* 
panied  by  phases  of  consciousness),  form  links  or  integral 
ptii'tS'  of  our  moraenlurily  occurring  mental  Btates,  and 
that  Bach  mere  objective  phenomena  powei'fally  assist  in 
detemutiing  our  Ko-called  mental  acta.  Nay,  more,  it 
seems  almost  certain  that  the  greater  part  of  our  Intel- 
lectual Action  proper  (that  is  Cognition  and  Thought  aa 
opposed  to  Sensation)  conaifits  of  mere  nerve  actions  with 
which  no  couscious  states  are  associated.  And^  lastly, 
each  one  of  na  may  liave  had  frequent  occasion  to  notice 
that  states  of  Feeling  which  at  first  accompany  unfamiliar 
Hnacular  Movements,  after  a  time  no  longer  reveal  them- 
selves in  Consciousness,  that  iB,  whon  such  movements 
have  by  dint  of  frequent  repetition  become  easy  of  per- 
formanee.  Thus,  rapid  and  uucousciouB  Automatic  Actiona 
are  conatantly  tending,  in  our  own  experience,  to  take  the 
place  of  iilower  and  more  conycionsly  executed  ToHtional 
Movements, 

From  this,  as  well  as  mitch  more  whii!h  might  be  said, 
it  would  appear  that  those  nervo  actions  attended  by 
conscious  states  (to  which  latter  correlatives  philosophers 
have  been  accustomed  to  restrict  the  words  *Mind* 
and  *  mental  phenomena')  constitute,  in  reality^  only  a 
very  snaall  fraction  of  the  sum  total  of  nervous  states  or 
actions  which  are  now  known  to  be  coniprisad  among 
(a)  the  initial  nervous  phenomena  leading  to  Sen&ation 
and  Emotion^  among  (b)  the  intermediate  Itukn  of 
Thought  and  Imagination,  among  (c)  the  beginnings  of 
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Desire,  and  wliicb  exist  {d)  as  the  inciiaiionB  lo,  or 
eccompanimcnts  of,  Yolitioiial  Action.  But,  if  this  be 
trne,  what  becomes  of  the  metaphysical  entity  called 
*  Miud '  ? 

Thus,  it  would  appear  that,  if  we  are,  as  so  many 
philosophers  Lt:Ll  us,  to  regard  the  sphere  of  Mind  aft 
co-extensive  with  the  sphere  of  Consciousness,  we  should 
find  'Mind'  reduced  to  a  more  ira perfect,  disjointed, 
serial  aggloraeration  of  feelings  and  conscious  states  of 
various  kindi»— while  the  multitudes  of  iuitial  or  inler- 
tnediate  nei've  actioua  (which  serve  to  biud  thoBe  other 
nerve  actions  commonly  associated  with  conscious  conrc- 
latives  into  a  complex,  continuous  and  citberent  series) 
would  have  no  claim  to  be  included  under  this  category. 

For  these  and  other  reasons,  we  feel  ourselves  drive 
to  the  cotfluaion  that  the  coramcin  notion  as  to  what 
should  be  included  under  tbe  term  Miud,  is  one  which  is 
altogelher  erroneous,  and  such  notion  ouglit  clearly  enoog' 
to  be  given  up,  unh'tifi  some  wanantable  extension  of  th 
meaniug  of  the  naiTOwer  term  Consciousness  should  pery 
mit  the  rectification  to  be  made  in  this  direction. 

It  woulil  seem  to  moat  persons  impossible  so  to  widen 
the  Biguificalion  of  the  word  Consciousness,  as  to  make  it 
^-exiijnsive  with  unconscious  nerve  actions^  though  some 
such  proposition  seems  suggested  by  Professor  Bain  when 
he  says  We  assume  as  a  fundamental  fact,  that  with 
uervouB  action  feeling  begins,"  This  is  certainly  a  large 
assumption,  and  one  which  it  is  difficult  to  sdmit^  though 
a  notion  of  the  same  kind  was,  several  years  ago,  advocated 
by  G.  H.  Lewes,  t  who  holds  stendfaRtly  tt>  the  notion  ihai 
pensibility  is  the  property  of  giingUomft  nerve  tissue  in 
pei»erul,  evtn  though  the  action  <=»^  ^^'^^  (S^^nglioi^^^. 
•  "  Miiid  and  B«ly."  p.         f  "  F»:»^*^^^^     Ccimmott  Life.- 
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may  not  reveal  itself  hy  any  plmeee  of  Consciousness  what- 
Bocver,*  To  have  a  feeling  of  which  we  are  not  conacious 
will  seem  to  Diost  of  ns  a  coutra<lictioD  in  terms.  J.  3. 
Mill  was  evidently  of  this  apinion,  Bwce  he  Bays:t  *'To 
feel,  and  not  to  know  that  we  feel,  h  an  impossibility." 

What,  it  miiy  he  asked,  is  tho  nature  of  an  unconscious 
'  sensation*  ?  Language  employed  in  this  way  seems  to 
become  m<^anin^lefis,  and,  in  the  writer*s  opiuionj  cannot 
be  justified*  If  an  impression  receives  none  of  oar 
AtteDtion,  that  is  only  saying  in  other  words,  that  we  nre 
Dot  conscious  of  it  or  do  not  feel  it-  In  Buch  a  case  wo 
have  no  reasonable  warrant  for  calling  such  an  impression 
a  'seneation.*  No  excuRe  for  such  language  appears  to  bo 
fonud  in  the  mere  fftct  that  there  arc  different  degrees 
or  intensities  of  Couficiousness,  and  that  nerve  actions 
without  feeling  cannot  he  sharply  separated  from  nervo 
actions  wbieh  are  accompanied  by  feeling.  It  should  bo 
clearly  recognized  that  this  kind  of  reasoning  tends  to 
give  ua  no  definite  resting  point :  from  Bucb  a  basis  we 
might  (and  in  fact  ought  logically)  to  go  on  to  postulate 
the  existence  of  ConscionaneBs  in  plants,  and  even  in 
inanimate  things — since  the  demarcalion  between  Con- 
scioasneflS  and  the  absence  of  it,  ia  more  radical  than  that 
which  separates  nei*VG  tissues  from  other  living  tissues, 
and  living  from  not  living  matter.  J  Although,  however, 
as  we  may  freely  concede^  the  phrase  '  unconBcious  sensft* 
tion'  is  far  from  being  meaningless  or  unjustifiable  from 
the  point  of  view  of  a  purely  speculative  philosophy, g  its 

•  Since  the  abov&  was  written,  G.  H,  Lewe«  bas  publiehed  him 
Pbyeical  Buns  of  Mind/*  1877,  ia  whioh  hia  views  are  more  elabo- 
ruUly  developed  and  sapportiHl, 
t  "Examination  of  Sir  Wm.  Hairiilton'a  Philosophy,"  p,  133. 
J  **  Boginnings  of  Life,"  vol.  i.  p.  70  ?  vol.  ii.  p.  77. 
§  Se«  A.  Barratfii  "  Physical  Ethics."  I860,  p.  112. 
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usa  ieuds  ta  introduce  coDfusion  into  asubjecl  thd  natural 

comjylexity  of  which  filrcndy  makes  it  sufficiently  ItiifHiug. 
Tbere  may  be  nasccut,  ill-dcfijieJ,  or  abortive  subjective 
sides  to  many  nerve  acLions,  but,  if  these  da  not  answer 
in  ourselves  to  what  we  know  as  Consciousness,  it  sbouU 
not  be  fiaid^  that  '  sensibility '  is  an  appanage  of  Buch 
nerve  actions, 

if.  however,  we  are  compelled  to  believe  that  Conscioa 
ness  is  not  co-estensive  with  the  sphere  of  *  Mind/  in 
the  ordinary  acceptation  of  these  terms,  and  that  uo 
expedient  modification  of  the  meaning  of  the  word 
CotiRoiouHness  could  make  it  bo^  then  in  face  of  the  now 
admitted  fact  concerning  tho  frequent  interpolation  of  what 
J.  S.  Mill  called  mere  "organic  slates  of  the  nerves/* 
or  unconscious  nerve  actions,  as  integ:ra1  parts  of  meuLal 
pi*oceBBes — only  one  other  course  lies  open  to  us.  Wo 
must  widen  the  signification  of  the  term  '  Mind*  itself. 

This  is  no  que^stion  of  choice,  bub  one  of  absoluto 
nece^aity*  The  meaning  of  the  word '  Mind '  must  be  ver^ 
conaideraUIy  enlarged,  so  as  to  enable  na  to  coniprise  under 
its  new  aud  more  ample  signitication  the  results  of  all  nerva 
actions,  other  than  those  of  outgoing  currents.  W 
should  thus  include  as  '  mental  phenomena/  the  functional 
resiiilts  of  all  nerve  actions  on  the  side  of  ingoing  currents 
and  in  the  nerve  centres — whether  these  nerve  actions 
are  accompanied  by  a  recognvxable  conscious  phasis,  or 
whether  they  form  what  appear  to  be  mere  physical  links 
(or  "organic  states  of  the  nerves'*)  between  other  nerve 
actionft  which  are  unquestionably  in  relation  with  defiini' 
OonHcioua  Htatea, 

We  than  iuclutle  under  the  word  '  Mind '  all  those  well- 
known  resnlta  of  nerve  action  which  are  comprised  under 
general    categorioa  of    (l^l  "FeeUng,  Sensation  or 
I,  <2)  IntoUigcnco,  Instinct  or  Thought,  and  (3) 
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Attention,  Tolition  or  Will ;  and  wc  do  not  esclutlo  tlis 
multitudinous  results  of  mere  unconscioua  nerve  actions, 
^Lich  constitute  ao  many  integral  parts  of  our  mental 
life— inter|iolnting  tliDtnselves  from  momeat  to  raomeDt. 
and  having  their  origin  in  various  parts  of  our  nervous 
Bvstetn,  Tko  functional  rebults  of  outgoing  currents^ 
however,  lie  wholly  beyond  tho  sphere  of  mind  ;  they 
torraiuato  in  such  physico-vital  plienomena,  as  the  con- 
traction or  the  arrest  of  contraction  in  Muscles,  and  the 
fltiraiilation  or  the  revei-se  of  Glandular  Activity — events 
■which  are  in  no  sense  mental,  though  hrought  shont  by 
nervous  influence.  They  are  purely  physical  phenomena, 
and  are  taken  cognizance  of  by  means  of  special  impres- 
sions made  upon  and  conducted  to  the  Ceiehium  by  such 
iugoiog  or  senaory  nerves  aa  are  in  relation  with  the  moving 
parts  or  secretory  organs,' 

Here  a  difliculty  at  once  prcsenta  itself,  It  i^'ill  doubt- 
less be  said  on  all  aides  that  we  canuot  rightly  group  the 
various  Conscious  States  which  accompany  certain  nerve 
actions  (subjective  phenomena)  with  mere  unconscious 
nerve  actions  (objective  phenomena).  These  two  groups 
of  phenomena,  it  is  always  B:iid,  are  separated  from  one 
another  by  what  appears  to  be  utter  dissimilarity  of  nature, 
as  t^'pified  by  the  fundamental  contrast  of  Subject  and 
Object  (the  Efjo  and  tho  Non^Effo), 

This  is  an  objection  baaed  upon  our  ignorance  as  to  the 
exact  genetic  rehiticm  csisLing  between  subjective  states 
and  the  bodily  conditions  (or  nervous  actions)  od  which 
they  seem  to  be  depentleut.  It  ia  probably  due  to  an 
eg^ual  extent  to  a  temporary  forgctfuluess  on  tlie  part  of 
Kose  who  advance  it,  that  we  are  as  much  in  the  dark  as 
"o  the  real  nature  of  Motion  as  wo  are  about  the  real  modo 

*  Tbfae  qncjitionB  as  to  the  rekiton  of  'outgoing  currents*  to 
tnd  will  be  fully  diacugatd  in  Cbap.  xivi. 
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of  origin  of  Foeling.  Motions^  Tvliether  molecular  or  other,  ^ 
we  know  only  by  their  effects  upon  us,  that  is,  in  terniB  ot^M 
Feeling.  AVho,  tberefore,  is  to  declare  that  there  can  he 
no  kinship  between  that  which  is  the  cause  of  Feeling 
and  the  molecnlar  moTemeuta  of  certain  nerve  tissues, 
when,  as  to  the  cause  of  Feeling,  knowletlg'o  other  than 
that  which  comes  from  inferenee,  is,  from  the  very  nature 
of  the  probletn,  for  us  impossible,  and  when  we  con* 
fcBsedly  know  nothing  concerning  molecular  movements 
other  than  what  wo  can  learn  through  Feeling. 

There  seemB^  therefore,  no  real  room  or  occasion,  from 
a  scientific  point  of  view,  for  the  protests  which  some 
will  assuredly  make  ao;airtst  this  necessary  grouping  of 
the  conscious  states  and  certain  parent  nerve  actions,  wi 
{h)  other  mere  uticonacious  nerve  actions,  which  are  eon 
tributory  to,  rather  tlian  directly  associated  with,  conscioas 
states — ^as  the  constituent  phenomena  Mind  in  ita  new 
and  altogether  broader  acceptation.  That  the  two  classes 
of  nerve  actions  icrerred  to  are  in  reality  separated  by  no 
arbitrary  line,  and  that  the  more  simple  (b)  at©  connec 
by  innumerable  {gradations  with  tlio  more  coraplox 
an  RBsumption  fuvoured  by  all  who  believe  in  the  philo- 
sophy of  Evolution.*  Such  persons  will,  therefore,  more 
easily  see  that  *  mental  phenomena/  aa  above  defined, 
correspond  to  a  coherent  rather  than,  as  of  old,  to  an 
incoherent  and  n on -consecutive  ftssemblage  of  proceBsea. 

Some  such  change  h  inevitable,  and  wo  of  the  present 
generation  must  bear  the  discomfort  find  inconvenience 
naturally  arising  from  an  altoTttl  moaning  of  the  torna 
Alind,  iji  order  that  those  who  ^oikvr  may  reap  tUe  benefit 
which  will  oftor  m  time  res^TvU  Wrv  the  rectification. 

're  is  progressive,  It^rraa  are  to  be 

f.  Najreirs  Ad^ireM  ^s^^ftVc^i  an  *'The  Ltraita  of 

|odg.-,"iu  tnwwUtod    J^^^'^'^^rK  'C)'i\„loA^n,p.&6L 
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retained}  thelf  iinplLcatious  must  from  time  to  time  bo 
ameudetl,  iu  order  that  further  progress  maybe  made  more 
easy  or  even  possible, 

ThosG  who  talce  the  step  above  indicated,  will  reoognize 
another  truth  which  haa  been  ah'eady  implied.  Tbey  will 
fiml  themselves  log"ieiilly  compelled  to  depart  still  further 
from  commonly  recognized  views.  On  strict  enquiry,  it 
will  be  seeu  that  the  notion  that  the  Brain  is  the  excluBive 
'  or^ran  ^  of  Mind  can  no  longer  bo  entertained.  This 
view  was,  indeed,  too  broad  to  he  justified  by  the  old 
philosophy,  since  only  a  veiy  small  part  of  the  nerve 
aetiona  taking  place  in  the  dilFerent  ganglia  entering 
into  the  composition  of  the  humiLn  hrain  are  attended 
by  Conscious  States.  But,  if  the  seat  assigned  to  Mind 
was  formerly  much  wider  than  physiolcgy  could  warrant, 
it  now,  on  the  other  hand,  becomes  much  too  narrow. 

This  will  he  seen  to  be  a  necessary  consequence  of 
including  under  the  term  '  Mind '  a  multitude  of  the 
nncon&cioua  nerve  actions  occurring  in  the  Brain,  For 
it  is  impossible  to  draw  any  valid  line  of  demarcation 
between  many  unconscious  nerve  actions  taking  place  in 
the  brain  of  man  or  any  lowt?r  animah  and  othcra  (with 
which  they  are  continuously  or  genetically  related)  in  the 
spinal  cord,  or  in  any  of  the  gaD*;liomc  masses  in  different 
parts  of  the  body.  The  division  of  the  Nervous  System 
into  Brain,  Spina!  Cord^  and  Sympathetic  System  is  one 
\\hieh,  though  justitiable  enoug'h  on  anatomical  grounds,  is 
much  less  so  from  a  phystoltjgiea!  point  of  view.  The 
Nervous  System  is  really  one  and  indivisible,  so  that,  if, 
.-Ih  certain  reservations,  unconscious  ner^e  actions  occur- 
ring in  the  IJraio  are  to  ho  regarded  as  '  mental  pheno- 
mena/ we  can  And  no  hnltiu^^  point  short  of  including 
under  the  same  category  any  unconscious  nerve  actions  of 
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a  similar  order,  wheresoever  they  may  occar.  In  Ibia 
sensej  therefore,  almost  the  whole  Kervoug  Systera  wonld 
have  to  be  regarded  as  the  '  orgnn  ^  of  Mind,  while  the 
Brtiin  should  be  regarded  as  merely  its  principal  com- 
ponent part. 

Views  closely  similar  to  those  above  Bot  forth  we 
advanced  by  the  writer  in  1870^  when  he  said  :*  "  Let  n 
opeuly  profesB  what  has  been  tacitly  implied  by  many. 
Instead  of  snpposiDg  that  Mind  and  Consciousness  (in  it^ 
ordinary  acceptation)  are  co-exton&ive,  let  us  make  ^linj 
SDClude  all  unconscious  nerve  actions  as  well  as  those  which 
are  attended  by  Consciousness  .  .  ,  -  We  must  inevitably 
come  to  this,  and  the  doctrine  of  ^  unconscious  cere- 
bration *  has  serred  to  pave  the  way  for  it   Se«^ 

ing  that  Mind,  even  in  ils  ordinary  accoptntion,  is  the 
pro<luct  of  all  '  potential '  as  well  as  of  all  realized, 
knowledge,  the  word  cannot  without  the  intervention  of  a 
fundamDntal  error  be  considered  as  a  convertible  term  for 
realized  or  realizable  knowledge  only.  That  which  is 
realizable  now,  or  capable  of  being  recalled  to  conscions- 
Bess*  tatty f  and  oflcn  doos^  after  a  time  cense  to  be  so,  and 
yet  the  essential  nm-ve  actions  themselves  may  still  go  on» 
and  none  the  less  surely  work  their  influence  upon  our 
fleeting  succession  of  conscious  states.  Thus  has  it  been 
with  the  race,  and  thus  is  it  with  the  individual.  And 
shull  we  cease  to  cuH  a  given  nerve  action  mental,  when 
by  frequent  repetition  it  has  become  so  habitual  thnt  it  no 
longer  arouseti  Consciousoess  ?  "  Transitions  from  ctm- 
flcious  nerve  actions  to  nucousHousncrve  actions  are  habitu- 
ally taking  place  during  the  education  of  the  individual, 
and  the  developmont  of  the  nervous  system  in  each  one  of 
na,  and  '*  the  more  fully  such  phenomena  are  recognised 
as  parts  of  an  orderly  succession  by  which  alon 
*  "  Journal  of  Mental  Scienoe,"  3i\n.,  p,  5^2, 
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greater  and  greater  complesitiea  of  thought  and  feeling 
are  rendered  poasiblH,  the  more  will  ithecomo  evident  that 
the  sphere  of  miud  cannot  at  any  time  be  circumscribed 
by  the  then  present  or  possible  states  of  CanBciousness^ 
the  more  it  is  obvious  that  in  our  conception  of  mind  we 
fibouhl  also  include  all  past  stages  of  Consciousness, 
which  now  in  th©  form  of  uucoDecioua  nerve  actions 
are,  from  momeat  to  momeDt,  manifesting  themselvea 
potentially,  if  not  actually,  in  all  our  present  Thoughta, 
Feelings,  and  Volitions," 

Certain  qualiticutiona  of  this  doctrine  are  now  intro- 
duced, since,  for  reasons  which  will  be  more  fully  con- 
sidered in  later  chapters,  those  tracts  of  the  Nervoua 
System  exclusively  concet  ued  with  the  passage  of  '  out- 
going currents '  are  now  deemed  to  have  no  more  claim 
to  be  regarded  as  parts  of  the  *  organ  *  of  Mind  than 
has  the  Muscular  System  itself,  with  which  they  are  in 
immediale  relation. 

Tho  views  above  sketched,  are  different  from  those 
commonly  entertained  by  physiologists,  and  they  also 
differ,  in  one  or  other  respect,  from  those  of  modern  British 
philosophers  such  as  Spencer,  Lowes  and  Bain.  They 
differ,  however,  still  more  widely  from  the  views  of  other 
philoBophical  writers  who^  not  having  emancipated  them- 
selvea from  the  more  metaphysical  doctrineB  concerning 
Mind,  habitually  regard  it  as  an  entity,  and  spciik  of 
*  the  Mind '  using  the  Brain  as  its  instrument. 

This  latter  doctrinej  whicii  still  counts  a  wide  chxlo 
of  adherents,  and  is  likely,  perhaps,  to  do  so  for  some 
lime,  has  been  aptly  met  by  Professor  Bain,    He  says:* 

In  tho  first  place  it  assumes  that  we  are  entitled  to 
bpcak  of  Miiid  apart  from  body,  and  to  affirm  its  powers 

Miud  and  Body,"  p.  130. 
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and  propertiefl  in  tliat  Bepar^te  capacity.  But  of  mind 
apart  from  body  we  htive  no  direct  expeiienoe,  fttid 
absolutely  no  knowletlge.  *  .  .  *  In  the  second  place  we 
have  every  reason  for  believing  that  there  is,  in  company 
with  all  our  mental  processes,  an  unbroken  material 
aucccusion.  From  the  ingress  of  a  sensation  to  the  out' 
going  reaponseB  iu  action,  the  mental  succession  is  not  for 
an  instant  dissevered  from  a  physical  succession  .  .  «  , 
It  would  be  incompatible  with  everything  we  know 
cerebral  action^  to  suppose  that  the  physical  chain  endt 
abruptly  in  a  physical  void,  occupied  by  an  im  material 
flul>stance ;  which  immaterial  substance,  after  working 
alone,  imparts  its  results  to  tho  other  edge  of  the  physical 
break,  and  d(.  termines  the  active  responee — two  shores  oi 
tlio  material  with  an  intervening  ocean  of  the  immaterial." 
The  difficulties  in  working  such  a  hypothesis  aro  in  fact 
extreme,  even  if  it  bad  not  been  nef^tived  by  the  tnanj 
other  considerations  referred  to  in  previous  pngcs. 

In  treating  of  *  the  Brain  as  an  organ  of  Mind/  the 
fore,  it  will  be  understood  that  we  use  the  word  *  organ 
merely  in  the  sense  that  it  is  a  part  whose  molecultir 
cbrinprea  and  activities,  constitute  the  essential  correlativea 
of  those  phases  of  Conscionsneas  known  as  Sensation 
Emotions,  Thoufrhts,  and  Volitions,  as  well  as  of  a  con 
fiiderable  part  of  the  sum  total  of  those  other  relate 
nerve  actions  which  are  unattencled  by  GonBciousnesa^  an 
whoso  results  form,  in  accordance  with  the  views  abo 
stated,  so  largo  a  proportion  of  the  phenomena  comurd* 
bonded  under  the  genernl  abstract  word  '  Miod/ 

Frtuii  what  has  been  nlready  said,  it  will  bo  seen  that 
'  plienomena'  ban  to  be  carried  on  in 
,  Mijs,  and  that  it  is  one  which  is  beset 

difflcttltie*.    The  following  table  or  diagram 
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indicates  the  priucipal  kimh  of  dala  wliicb  require  to  be 
combined,  and  more  or  less  fused,  in  order  to  give  birth 
to  a  legitimate  Psychology  or  truo  science  of  Mhid. 


«  si 
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The^e  three  departmonts  supply  data  almost  equolly 
important.  To  neglect  tbe  facta  snpplied  by  Neui-oJogy 
would  be  about  as  unreasoDable  aa  to  diamisB  the  legitimate 
Btudy  of  Subjective  Psycholoj:^',  and  certainly  is  on  no 
grounds  to  bo  defended  by  tUowe  who  do  not  refuse  to 
include  the  study  of  Objective  Psycliolo^^y — and  are  thus 
willinfT  to  take  account  of  the  data  obtainable  aa  to  the 
conflciaus  states  of  animals  and  of  hnnian  beings  otlier 
thnn  tbemselves.  For,  if  a  departure  is  once  made  from 
the  sphere  of  the  subjective,  the  data  of  Neurolog)'  must 
be  admitted  to  constitute  aa  important  a  division  of  the 
science  of  Mind  aa  those  derived  from  Objective  Psycho- 
logy— from  which  tUey  differ  more  iu  degree  than  in 
kind. 


CHAPTER  XL 


BEFLEX  ACTION  AlTD  UNCOKSCIOUS  COGXITIOH. 

The  nature  of  a  Reflet  Action  has  been  already  iudicated, 
and  the  tissue  elements  usuaUy  concerned  in  such  an 
elementary  nervous  operation  have  been  described,  Tbey 
consist  of  ingoing  fibres  continuous  in  a  Korve  Centre  with 
Bo-called  '  sensory  *  nerve  cells,  which  in  their  turn  are 
in  commuuication  with  some  group  or  groups  of  '  iiiot4)r ' 
nerve  eellSj  whence  issue  outgoing  fibres  for  the  trans- 
mission of  stimuli  to  muscles. 

Soch  groups  of  tissue  elements  variously  connect 
together  are  con tiuually  increasing  in  definiteness  and  niun- 
ber  during  the  cours^of  sLruotural  developmeDt,  as  well  as 
during  the  whole  time  in  which  the  *  education  *  of  animal 
organisms  progresses.  The  cellular  elements  are  aggre- 
gated into  Ganglia  of  dlHerent  si^es,  and,  by  reason  of 
their  close  approsimation  in  those  bodies,  the  establish* 
ment  of  structural  connections  between  those  cells  which 
are  functionally  related,  either  on  the  aide  of  'impres- 
sion *  or  on  that  of  *  reaction/  is  doubtless  facilitated. 

Thus  it  seems  to  result  from  the  very  nature  of  nerve 
tissues  and  their  mode  of  development,  that  Tarlationa 
in  the  kind  and  combination  of  impressions  acting  upo~ 
any  particular  orgtiuifim,  as  part  of  its  life  phenomena, 
become  by  slow  degrees  organically  linked  to  different 
and  severally  appropriate  motor  results.    The  organiam 
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H^'  lenrnB '  to  discrimiDate  ono  impression  from  anotheFj 
r  cither  unconeciouslj  or  couRcionflly — a»  we  are  compelled 
to  infer,  from  the  diffeient  iiature  of  its  motor  res^ponses 
and  the  suitability  of  eauli  as  an  answer  to  the  impression 
which  it  follows.  Thus  '  discrimination  *  comes  to  be  an 
essential  result  or  concomiLaiit  of  the  action  of  even  the 
eimplest  nerve  tiflsnes.' 

And  Bs  'discrimination'  ia  generally  recognized  by 
philosophers  to  be  the  root  faculty  or  most  fundamental 
manifestation  of  Intellij^jeuce,  we  shall  find  in  the 
phenomena  of  Reflex  Action,  now  abont  to  be  illustrated,  a 
fujrther  strong  support  for  the  yiew  that  the  nervous 
system  generally  is  to  be  regarded  as  the  Organ  of 
Mind. 

I  In  most  lower  animals^  as  we  hare  seen^  several  separate 
Nerve  Centres,  or  Ganglia,  constitute  the  main  suhdi^-isions 
of  the  nervous  system.  In  animals  like  the  Centipede, 
these  ganglia  are  very  numerous,  and  distinct  from  one 
another ;  in  others,  such  aa  the  Grasshopper,  several 
become  fused  at  intervals,  so  that  separate  ganglia  are 
lesa  numerous  ;  while  in  Vertebrtite  animals,  as  we  have 
seen,  the  fusion  is  carried  still  further.    In  the  Fish,  the 

•  Something'  very  like  organic  diacriininatioQ  may  occur  io 
Plants.  A  wiiterin  "Natare"(June2&,  187ii,  p  104)  cites  what  may 
bti  re^rded  ae  an  instaaco  of  thU.  He  saysx  "The  lyy  Linuria 
grows  on  an  old  wall;  its  flowera  and  the  jiower-stalks  Htand  oat 
ibr  the  sun  and  Intsects  to  v^iBit  the  tittle  '  Bnap*dragoD.'  But  no 
sooner  does  the  coro]]u  full  tli^ii  tht^  p(?dQQciIe  b&gina  to  carve  in- 
«-ard»  to  the  wall,  and  usually  contiiviis  to  tucV  ita  ieed-vesael  well 
into  the  brickwork  again/*  An  action  like  this  may  perhaps  be 
the  reHult  of  an  or^nic  impiiUe  or  tendency  foatered,  it  not  engen- 
dered, by  *  natiiriit  nclectirjn,*  And  as  the  obsereer  intimat*>a,  there 
are  c^rtuin  obvious  reltitiona  between  such  a  process  und  eome  of 
the  instinctive  Bctiona  of  animals  ia  connection  with  ovi-poiiitioii» 
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RepiUo,  and  other  Vertebrates,  the  separate  ventral  gan- 
Rlia  of  the  Contippde  are  represented  functionally  by  a 
coDtinuoua  cord-like  aggregation  of  fused  centres,  wliicli 
occupy  the  naedian  line  in  the  dorsal  aspect  of  the  bcwly. 

The  lower  the  organiam,  the  moro  independent  is  thfl 
functional  activity  of  its  semal  nerve  ganglia,  while  the 
higher  the  animal  in  type  and  scale  of  orgauiKatioa,  the 
more  closely  knit  together  are  the  activities  of  these  several 
parts  of  the  nervous  system.  Even  in  Man  himself,  how- 
ever, we  have  frequent  evidence  of  the  independent  action 
of  more  or  loss  limited  regions  of  the  neiTouB  syatein. 
This  is  the  case,  for  instance,  in  winking,  snee^iog, 
coughing,  swallowing,  which  are  all  of  them  reflex  or 
*  automatic  *  actions.  The  latter  name  has  been  given  on 
account  of  the  machinedike  regularity  with  which  such  acta 
are  performed — indopendentlj  of  all  conscious  guidance.  I 

The  oxistcncG  and  mcrlifinism  of  '  reflex  actions  '  were 
first  distinctly  rcfcrted  to  by  David  Ilartley  in  1748  ;  they 
were  more  definitely  described  by  Prochasku  in  I7fi4 ; 
though  it  was  MarKhiiU  Hull  who,  some  fifty  years  later, 
first  clearly  recognised  and  elucidated  tbeir  real  impor- 
tance. Bince  his  time  our  knowledge  of  tUcae  actions  baa 
been  widened  in  all  directions  by  the  labonra  of  many 
pliyaiologista^ 

The  fact  that  each  GuDglion  in  one  of  the  lower 
animals  conHtitutes  an  independent  centre  for  reflex 
actions,  and  that  the  movements  to  which  it  gives  rise  are 
always  co-ordinated  and  adaptive  in  their  characters,  was 
experimcnlally  establishjyd  by  Duges. 

Tltis  naturulist  nmdo  some  interesting  observations  on 
th«  *  Mantis,'  a  large  insect  having  some  resemblance  to  a 
tot  which  is  very  common  in  the  south  of  France  and 
The  creature  is  notable  for  a  long,  narrow,  first 
<gment.  to  which  are  attached  a  pair  of  large  and 
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powerful  arms  terminiiting  with  hooks,  with  which  it  is 
accustomed  to  seize  aud  piorce  its  prey.  When  ihe  head 
together  with  this  first  thoracic  sefrmeut  was  excised,  tlie 
body  of  the  Insect,  supported  on  its  four  reraainiiig  legs, 
resisted  ftttempts  made  to  overturn  it,  and  at  the  same 
ttrne  agitated  its  wings  and  wiug-cases.  Wlien,  after  thia, 
the  he&d  was  detached  from  the  first  thoracic  segment,  the 
Ifttter  siDgie  and  isolated  body  segment  afterwards  showed 
signs  of  life  by  the  continuance  of  '  refleTc  actions  '  of  a  pur- 
posive character  for  more  than  an  hour.  When  touched, 
it  moved  its  arms,  turning  them  towards  the  finger  of  the 
experimenter,  and  even  nipping  it  strongly- 

These  were  actions  of  much  the  game  kind  as  would 
have  been  exhibited  towards  a  Fiy  or  other  prey,  if  the 
segment  had  formed  part  of  an  entire  Mantis.  In  snch  a 
case,  the  movements  wouhl,  doubtless,  have  been,  to  some 
extent,  consciously  instigated  through  the  Brain  of  the 
auimaL  The  above-mentioned  experiment,  however,  shows 
conclusively  that  the  movements  of  the  arms  and  claws 
which  were  seen  when  the  thoracic  segment  was  severed 
from  the  head,  must  have  been  cxccnted  through  tlie  inter- 
vention of  the  single  bilobed  gangUon,  together  with  the 
aSerent  and  efferent  iier^'ea  which  the  segment  contains. 

Dr.  Cflq>enter  says:*  If  the  head  of  a  Centipede  be 
cutoff  whilst  it  is  in  motion,  the  body  will  continue  1o 
move  onwards  by  the  action  of  its  legs  ;  and  the  same  will 
take  place  in  the  separate  parts,  if  the  body  be  divided 
into  several  distinct  portions.  After  these  actions  have 
come  to  an  end,  they  may  be  excited  again  by  irritating 
any  part  of  the  nerve  centres,  or  the  cut  extremity  of  the 
nervoua  cord.  The  body  is  moved  forwards  by  the  regular 
and  successive  action  of  the  legs,  as  in  the  natural 
state ;  but  its  movements  are  always  forwacds,  nuver 
♦  "  Hotitid  Phjwology,"  3rd  EJitiun,  p.  S3. 
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backwardfl»  and  are  only  directed  to  one  side  when  the 
forward  movement  ia  checked  by  an  interposod  obstuclc." 

If  we  look  now  to  such  reflex  movemcn(a  as  are  cora- 
mouly  manifested  by  ono  of  th^  higher  animals — a  Frog, 
for  iDBtance — we  shall  meet  with  ths  same  machine-like 
regularity  in  the  execution  of  motor  responses  to  ordinary 
Btiiuuli,  the  same  semblance  of  an  intentional  effort  lo 
accompHflh  a  certain  end — even  when  the  animal  has  be* 
deprived  of  its  Brain,  and  when  the  movements  are  tb&i 
fore  as  iiiToluntary  and  unconsoioas  as  those  of  the  thorft( 
segment  of  the  Mantis  above  referred  to. 

After  the  head  and  neck  of  a  narcotized  Frog  had  be( 
removed,  Vulpiau*  sli^'htly  pinched  a  toe  of  one  of  tl 
Htretched-out  hind  limbs,  and  observefl,  as  others  ha' 
done,  that  this  stimnkis  was  quickly  followed  by  a  fle^iio: 
of  all  the  aegm  'Dt8  of  tlie  limb  upon  oue  another.  Tbo 
same  renuU  coDSttintly  followed  tho  application  of  sncb  ft 
stimulus^  and  as  Yulpian  points  out: — "It  ia  not  an 
iudellnite  reaction.  All  the  muscles  do  not  contract ;  for 
if  it  were  so,  there  would  bo  forcible  extension  of  the  limb, 
as  in  strychnia  poitsoniog,  since  the  extensor  muscles  in 
the  frog  are  together  much  stronger  than  the  flexors. 

 Here,  on  the  contrary,  a  certain  number  of 

muscles  only  contract,  while  the  others  remain  more  or 
less  inert.  There  ia  a  contmction  of  muscles  combined  in 
such  a  manner  as  to  produce  a  particular  result,  and  the 
result  of  these  Imrtnonized  coutractiona  is  to  withdraw 
limb  from  the  exciting  cause." 

A  much  stronger  excitation  applied  to  one  of  the  hinder 
pawg  of  this  headless  Frog  will  lead  to  a  different  reaction, 
but  stiU  to  OB©  Tjvhich  is  always  llie  same  under  similar 
conditions.    W^c  no  longer  wlluc&s  a  movement  of  flexion 
in  iho  lifiih  til.  til  has  been  ioucWd,  but  hath  it  and 
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corresponding  limb  are  suddenly  extended ;  and  *'  this 
movement  of  tlie  two  legs  is/'  as  Vulpiaa  Baya^  "  that 
TV'hicli  is  most  appropriate,  either  to  repel  the  cause  of 
irritation  or  to  shoot  the  animiil  forward,  and  bo  remove 
it  from  the  influence  of  the  irritating  agent." 

Again,  if  the  skia  of  tlie  side  of  the  body  is  slightly 
pinched  in  a  headless  frog,  the  foot  of  the  hind  limb  on 
the  fiuine  side  is  brought  up  so  as  to  endeavour  to  rub 
awuy  the  irritating  ogoiit.  Here  also  we  have  a  complex 
movement  brought  abont  by  miiny  muscles  definitely  com- 
bined and  adapted  to  obtain  a  certain  result.  But  the 
particular  movements  executed  always  vary  in  accordance 
with  the  site  of  irritation.  Thua,  a  pinch  at  the  posterior 
extremity  of  tLo  trunks  evokes  wholly  ditl'ereat  movementa 
from  those  just  deacribed.  lo  this  case,  according  to  the 
eame  authority^  There  is  a  new  combination  of  muscular 
contractions,  by  means  of  which  the  f^et  are  first  brought 
towards  the  point  irritntcd  and  thero  pressed  together,  and 
then  the  limbs  are  snddeiily  extended,  thus  giiing  rise  to 
the  movement  most  Biaitable  for  repelling  the  cause  of 
irritation." 

In  a^ldition  to  the  instances  already  cited  there  is  the 
celebrated  experiment  of  PtlUger  still  to  bo  mentioned,  in 
which  the  reflex  act  evoked  was  so  definite  and  purposive 
as  to  lead  him  to  claim  for  the  Spinal  Cord  a  kind  of  con- 
BciouB  percejitive  power,  similar  to  that  which  physioloj^ista 
g'eneraliy  restrict  to  the  Brain.  He  placed  a  drop  of  acetic 
acid  on  the  upper  part  of  the  thigh  of  a  decapitated  Frog, 
and  the  seg'raonts  of  the  corresponding  limb  were  quickly 
flexed,  so  that  the  foot  was  made  to  rub  the  seat  of  irrita- 
tion. He  then  amputated  this  foot  of  the  headless  animal 
before  reapplvluff  the  acetic  acid.  The  result  was  most 
remarkable.  The  maimed  animal  began  to  make  fresh 
e^orta  to  rub  the  irritated  spot,  but  was  unable  to  reach 
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it  now  that  tbe  foot  was  removed.    After  some  momen 
of  ag^ta^ion,  as  if  the  braiuless  creature  were  Beokiug  a  ne 
nieaiiH  of  accomplishing  ite  end,  the  motor  Btimulns  flow 
out  in  ft  difTerent  direction,  caufciing  the  animal  to  ben 
the  limb  of  the  other  Bide  till  with  its  foot  it  ^ucce^ded 
in  rubbing  the  irritated  region. 

Thus,  Vulpiau  says, — **  Each  spot  initated  acts  as  6 
kind  of  spring  for  calling;  into  play  a  niGchaniBm  which 
varies  according  to  the  point  excited,  and  according  to  th6 
intensity  of  the  excitation.  But  each  niechauism  that  is 
called  into  play  always  dcterminea  a  tendency  to  renaov© 
the  recijion  iiritnled  from  thi?  irritalin;^  cause*  The  eflfor 
diifer,  Ihe  incchauism  diflera  also,  but  both  are  alwrt 
ftppropHflte,  and,  as  it  were,  chosen.** 

Multitudes  of  reflex  acts  having  tha  same  general 
characteristics  are  quite  funjiliar  to  us  from  their  occur- 
rence in  the  higher  animals  and  in  man.  Of  these  it 
may  euffipe  to  mention  the  closure  of  the  eyelid  before  ao 
approaching  body,  the  rapid  drawing  away  of  ihe  paw  or 
hand  fiora  injury,  the  throwing  out  of  the  armB  in  the  a_ 
of  fitlhng,  the  raovementB  of  suction  and  dt'glutition 
following  impressions  on  moQth  and  throat,  together  with 
the  acts  of  vomiting,  coughing,  and  sneezing. 

It  will  have  been  seen  that  there  are  two  distinct 
sides  to  the  process  which  we  have  hitherto  been  consider 
ing.  We  have  to  tiike  into  account  what  occurs  on  the 
Bide  of  *  ingoing  currents/  in  the  nervous  centre  ;  aud 
alfo  what  occurs  on  the  side  of  *  outgoing  currents,'  The 
latter  processes  are  the  distinct  sequences  of  the  former  • 
nnd  if  we  have  inverted  the  proper  ottler  of  dGS(;ription, 
iind  have  referred  more  cHjvecially,  in  the  fir&t  place,  to 

^graduiU  growth  of  the  power  of  performing  adaptive 
nents,  it  is  only  because  such  an  inversion  of  the 
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D&tural  order  ]ia&  tiounneiideJ  itt^etf  fiam  tlie  peuuliarities 
of  the  facts  to  he  tsplftiiifd. 

As  to  the  existence  or  iiaturo  of  the  phenoraeiKi  which 
take  phice  on  the  side  of  the  iugoiu^  current  iu  lower 
auimaJs  we  can  know  nothing  directly.  We  can  ouly 
infer  that  processes  of  great  iraportaiice  occur  ou  this 
nde^  becauBo  of  the  increasingly  complex  and  purposive 
eliaraclorof  the  movemeot^  which  higher  or  older  animals 
Iweome  capable  of  manifestin;?. 

The  characters  of  the  movements,  therefore,  are  the 
ohjectivo  facts,  and  it  is  only  by  an  attentive  study  of 
fchem^  and  of  the  conditions  under  which  they  are  niani- 
gted,  that  vre  are  entitled  to  come  to  an  opinion  as  to 
e  occurrence  of  organic  discriminations  on  the  side  of 
Jte  ingoiup  current— aa  to  the  existence,  iu  fact,  of  whtLt 
we  can  only  term  '  uuconsciona  cogniHons/ 

The  increase  in  the  number  and  variety  of  the  nervous 
impressions.  Loth  siniultaneotiB  and  successive,  to  which 
Anintal  Orfranisma  become  attuned  to  react,  takes  place 
ftt  a  comparatively  slow  rate.  The  addition  to  the  receptive 
powerfl  of  any  one  ludLvidual  are  only  slight^  and  it  is 
during  the  period  in  which  it  is  acquiriug  these  powers 
that  the  corTesponding  structural  changes  will  become 
more  and  more  perfected,  partly  in  the  form  of  new  or 
altered  nerve  celtsi  and  parll}^  by  the  funnation  of  inter- 
oelinlar  procesaea  and  counectiag  fibres.  And  owing  to 
the  fact  that  the  germ  or  egg  produced  by  an  organism 
always  tends  to  develop  into  a  form  similar  to  that  of  its 
parent  (similar  that  is  not  only  in  external  shape  but  in 
the  intimate  texture  and  arrangement  of  its  organs  and 
tissues)]  the  successive  hneal  descendants  of  any  one  kind 
<rf  organism  may  iu  eff^jt  be  regarded  as  portions  of  the 
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BftDie  organism,  gradually  developing  througli  euoccssiv 
geiierationa  or  stages  of  one  life  history.* 

The  doctrine  of  *  luherited  Acquls^ition/  to  the  enancis' 
tion  and  development  of  which  we  arc  so  largely  iudcbUd 
to  Herbert  Spencer,  explains,  therefore.  Low  it  is  that 
young  or^auiams,  only  just  arrived  at  maturity,  are  often 
better  adapted,  in  some  respects,  to  their  surroundinga 
than  were  thtiir  predecessors,  near  or  remote,  at  a  corre- 
sponding age.  Consequently,  if  during  their  lifetim 
again,  or  during  that  of  their  descendaa^B,  some  furtbe 
modeu  of  impressibility  (with  corresponding  powers 
discrimination)  become  possible  either  in  old  or  in  new 
directions;  and  if  simultaneously  there  arises  some  new 
or  altered  capacity  for  acting  in  response  to  these  new 
impressions,  it  will  not  he  diflicult  for  the  reader 
understand  that  this  would  constitute  one  important  m 
in  which  the  nervous  fiystero  slowly  develops  and  becom 
more  complex, 

Thus  it  is  that  habitual  or  often  recurring  stimuli  o 
new  kinds  are  presumed  to  be  constantly  leaving  their 
traces  in  the  plastic  tissues  of  lower  organisms,  and 
iJiducing  such  structural  modiScationa  in  them  as  tend  not 
only  to  make  the  recurrence  of  Bimihvr  impressions  more 
easy,  but  also  to  render  the  reception  and  recognitioa 
of  new  impressionH  more  possible^ 

Moat  of  ns  must  bo  familiar  with  the  fact  that  by  tlie 
concentration  of  Attention  in  certain  directions,  aided  hy 
vohmtary  efforts,  we  are  capable  of  iivcrcasiug  our  powers 
of  Biscriniination  in  the  range  of  eitlier  of  the  senses,  and 

*  The  many  influences  capable  of  acceleralmg  or  iBturding 
liinJ  of  mce  devL-lopmpnt  cannot  hen  be  oven  ^nqmerated.  Suffice 
it  toBBV  that  «ome  of  Iho  pHndjuil  or_  th^^m  }mv«  been  described 
eoni,>UKly  lilnatrated  l>y  Mr  D^r^i^w.  m        ,^,1,^  on  "  The 
"•iia  of  Spicir^."  and      ^  Sele^Uoo, 
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that  each  new  ncqnirement  renders  poesible  other  and 
more  refined  discriminations.  But  there  is  reason  to 
believe  tbat,  even  without  conscious  voluntary  efforts,  the 
same  kind  of  progress  (though  more  slowly)  is  capable  of 
being  broufjht  about  by  the  action  upon  the  organism  of 
all  the  varying  influences  by  which  it  h  surrouuded. 

The  mode  by  which  mere  *  orffanic  discriminations  '  are 
rendered  possible  may  be,  in  part,  illaatrated  by  reforenoe 
to  the  building  up  of  the  links  between  conscious  dis- 
criminations and  actions  in  higher  organisms — such  as 
Cephalopoda  and  Fishes, 

Particular  aLtrention  must  be  called  to  the  fact  that 
each  HGW  impression  which  becomes  registered  is  not 
something  wholly  difTerent  from  what  has  gone  before.  It 
is  rather  some  slight  modiBcatiou  or  refinement  upon 
impressions  which  have  preceded  it,  and  just  as  it  takes 
ii-a  origin  in  similar  parts  of  the  body,  so  would  it  naturally 
proceed  to  those  same  regions  in  the  central  nervous 
systera  to  which  preceding  impressions  of  Hke  kind 
bad  been  trausmitLed.  The  detei-mining  conditions  and 
route  by  which  tho  impression  travels  could  scarcely  be 
different  in  the  case  of  some  new  visual  impressions,  for 
instance,  from  what  tliey  had  been  in  rej^ard  to  all  previous 
visual  impresBions-  Thus  the  physical  counterparts  of 
like  kinds  of  old  and  new  impreEBions  are  almost  neces- 
sarily brought  into  close  relation  with  one  another,  and 
with  tlie  same  sets  of  outfj;oing  nerve  fibres,  however 
these  latter  may  from  time  to  time  be  supplemented  and 
modified  in  their  combinations.  An  organic  contiouity, 
in  fact,  is  supposed  to  He  at  the  root  of  impressions  new 
and  old,  whereby  they  are  classed  at  the  same  time  that 
Ihfy  become  organized.  Intelligence  would  thus  be  sub- 
ject to  actual '  growth  *  in  more  senses  than  one.  The 
process  is  of  course  notably  more  complex  than  it  is  here 
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represented.  Some  of  the  essential  coiDplicalions  of  tho 
ptocees  ai:e,  however,  of  an  obvious  nature. 

It  is  not  only  that  impressions  of  touch  become  organi-* 
cally  rektcd  to  other  impressions  of  the  same  kiiid,  that 
vit.ual  impresHions  become  classed  with  Tisnal  impressiooSi 
and  so  on.  Unions  also  would  seem  to  spring  up  in  some 
less  eicplicabi©  way  between  central  nenre  units  of  different 
orders — that  is,  between  contiguous  sensory  ganglia.  Thus 
if  in  the  experience  of  any  ort^anism^  such  as  a  Cattle- 
fish,  visual  impressions  are  usually  quickly  followed  hj 
tactile  improBBions,  it  would  seom  for  various  reasons  to 
be  almost  certain  that  communicating  fibres  would  become 
developed  between  correspoudiug  portions  of  the  visual 
and  tactile  ganglia,  and  any  motor  response  that  might 
follow  would  thus  be  either  directly  or  indirectly  related 
to  foci  of  excitement  in  both  these  sense  centres*  In  the 
same  manner  the  odour  from  some  Cod-tish,  or  other^ 
object  of  prey,  may  reach  the  voracious  Shark  either  before 
the  object  is  seen  or  simultaneously,  and  these  two  im- 
pressions  will,  in  a  very  large  number  of  cases,  be  followed 
by  certain  tactile  aud  by  certain  gustatory  impressions. 
The  first  impressions  become  related  to  aud  may  tind  an 
outcome  in  the  production  of  movements  of  pursuit ;  while 
those  engendered  during  the  process  of  capture  (viz,,  of 
touch  and  taste  combined)  immediately  call  into  play  the 
complicated  simuUancous  and  successive  movements  of 
jaWB,  throat,  fOBOjihapus,  and  stomach,  which  form  part  of, 
or  are  accuKtomed  to  succeed,  the  act  of  swallowing. 

From  wbat  has  been  Biiid  in  this  chapter^  it  may  be 
safely  concluded  that  as,  by  the  frequent  repetition  of  like 
stimuli,  the  structural  connections  of  nerve  currents  (or 
the  precise  paths  of  ingoing  impressious  through  nerve 
cenlrcR  and  along  outgoing  nerve  fibres]  are  developed  and 
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rendered  definite,  so  certain  appropriate  actions  will  follow 
certain  impressions  with  unfaOitig  regularity  and  precision. 
There  goes  on,  as  it  were,  an  organization  of  'Intelli- 
gence '  primarily  of  the  organic  or  unconscious  kind,  which 
is  the  hidden  cnnse  of  the  purposive  character  displayed 
by  so  many  morements. 

We  say  that  the  process  is  primarily  of  the  organic 
or  unconscious  typo,  hecfiuse  one  may  witness  even 
in  Medusre  and  in  organisnia  only  a  little  above  them 
actions'of  a  purposive  type  in  response  to  stimuli  acting 
upon  different  parts  of  their  bodies.  And  it  is  difficult 
to  believe  that  the  Neural  Developments  in  such  creatures, 
by  means  of  which  the  several  motions  follow  in  response 
to  the  several  stimuli,  can  have  been  brought  about  under 
the  influence  of  any  distinct  *  conscious  '  guidance.  We 
have  here,  doubtless,  to  do  with  '  organic  processes  *  only 
B  few  degrees  more  complex  than  those  which  may  take 
place  in  a  Sun-dew  or  other  *  Sensitive  Plant,' 

Orgaiuc  processes  of  the  same  kind  possibly  constitute 
the  husis  or  starting  point  for  all  subsequent  neural  (le- 
velopmenta  and  Mental  Acqnisitions,  even  when  in  higher 
animals  such  processes  become  quickened,  in  some 
further  unknown  manner,  under  the  directive  influence  of 
Conf!cious  Efforts  of  gradually  increasing  distinctuoss. 


CHAPTER  XII. 


Nkurolooy  may  be  advantageouslj  8tucli<jd  by  beginning 
with  the  investigation  of  the  Biinplest  and  earlio&t  forms 
of  the  Nervous  System,  and  IhciicB  proceeding  to  examine 
its  more  and  more  complex  types.  A  wholly  differeut 
order  iSf  however,  compulsory,  in  regard  to  Psycholorjy. 
Its  'subjective'  diviaion  conatitates  for  eaeb  of  us  the 
sphere  of  positive  kuowlodge  in  regard  to  this  sabject ; 
while  that  portion  of  '  objective '  Psychology  having 
reference  to  the  mental  states  or  processes  of  our  fellow- 
men  haa  the  next  greatest  amount  ot  certainty  for  us — 
since  the  human  faculty  of  Articulate  Speech  enables 
u9  to  compare,  to  some  extent,  the  subjective  expcrieucea 
of  other  men  with  our  own. 

Objective  Psychology,  so  far  aa  it  relatea  to  mferinr 
forms  of  life,  is  merely  a  field  for  more  or  less  probable 
conjecture,  in  which  the  basis  of  certainty  diminishes  the 
further  we  depart  from  the  human  type.  Knowledge 
garnered  from  our  own  eiperiencea  and  those  of  our 
fellow-creatnres  affords,  as  it  were,  the  lamp  wherewith  we 
seek  to  illuminate  the  dark  places  of  animal  Psychology, 
Hence  it  is  necessary  for  us  in  the  first  place,  before 
attempting  to  consider  the  mental  processes  of  lower 
animals,  to  look  to  some  of  the  fundamental  facta  per- 
taining to  human  Psychology.     The  previous  eonaideratioa 
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of  *  Reflox  ActioB  and  Unconscioua  Cogiiition/  vnl\  be 
found  to  he  a  fulljjtiatifiahle  procednrfij  and  it  was  equally 
desirable  that  its  cousideration  should  have  been  prefaced 
by  an  enquiry  as  to  the  scope  of  *  Mind '  and  tlie  nature 
of  mental  phenomena. 

Descartes,  Lf^ibnitK^  Spinoaa^  and  other  philoaophera 
have,  a9  Sir  William  Hamihon  reminds  us,  been  led  to 
regard  ^'tbe  facalty  of  Cognitina  as  the  fundamental 
power  of  mind  from  which  all  others  are  derivative  ;  " 
^'hile  Condilkc  and  hiB  school  attributed  this  rank  to 
,  Sensation  rather  thaa  to  Cof;nition,  and  similarly  derived 
all  other  mental  faculties  from  this  aa  a  base  or  starting 
point. 

It  would  not  be  in  at^cordance  with  the  point  of  view 
of  Evoluliomsta  to  say  that  eithor  of  these  faculties  could 
goncrate  all  the  others.  If  we  grant  it  to  bo  true,  that  one 
or  other  of  tbem — either  Cognition  or  Sensation — does, 
in  fact,  constitute  the  primary  manifestation  of  mental 
activity,  we  should  rather  say,  that  as  the  nervoas  actions 
upon  which  the  mental  process  is  depenJent  grow  more 
complex,  so  may  other  so-calkd  *  faculties  *  of  mind  be 
gi'udually  engetukred  as  related  phases  of  the  same  neu- 
rological activity,  and  marked  by  a  growing  tendency  to 
become  more  and  more  distinct  fi'om  one  another. 

As  to  which  of  the  mental  modes  or  manifestations  is 
to  be  regarded  as  primary^  there  seems  to  us  to  be  litLle 
room  for  doubt.  Hamilton  truly  observen* : — **The 
facalty  of  knowledge  is  certainly  the  first  in  order,  inas- 
much as  it  ia  the  conditio  sine  qttd  non  of  the  others  ;  and 
we  are  able  to  conceive  a  beiog  possessed  of  the  power  of 
recognissiog  existence,  and  yet  wholly  void  of  all  feeling  of 
pain  and  pleasure,  and  of  all  powers  of  desiro  and  voli- 
tion. On  the  other  hand,  we  are  wholly  unable  to  con- 
•*  Lectnres  on  Metaphyatca/'   Fifth  Edition,  vol  i.,  p.  188» 


170  SKNSATIOJf,  IDEATfON, 

ceive  a  being  possessed  of  feeliDg  and  dosire,  and,  at  lh& 
same  tinie^  without  a  knowledge  of  any  object  upon  wliich 
his  aiToctious  may  be  employed^  and  witbonTa  consciona* 
nes3  of  these  affecLioua  themselves.** 

Some  highly  significant  facts  have;,  Indeed,  already  hetu 
raentionedf  tending  to  show  that  mere  organic  discrimiua- 
tions  or  Cognitions  may  be  manifested  by  planta,  low^r 
animals,  or  even  parts  of  animals  under  conditionB  in 
which  it  is  not  warrantable  to  aRsnme  the  co-exist^nc^  of 
AnythiDg  like  that  which  we  know  as  ConscionsQees  or 
Feeling*  We  hav&  seen  some  and  shall  find  more  roaaon 
for  believing^  that  Feeling,  in  its  ordinary  acceptation,  is 
gradually  superadded,  in  bicfher  forms  of  animal  life,  as 
a  newly-begotten  accompnuLment  of  nerve  actions  whjcb 
hitherto,  in  lower  forms,  have  been  unendowed  with  any 
distinct  flubjective  phasis.  At  first  we  may  have  the  exist- 
ence of  unconscious  impressions  and  mere  organic  dit)* 
criminations;  while  afterwards,  during  the  evolution  of 
the  animal  8*»ries,  and  consequently  of  nerve  centres,  wo 
suppose  the  snperadditiun  to  &ome  nervous  actions  of  ft 
more  and  more  definite  subjective  phasis,  answering  to 
lower  grades  of  what  each  of  us  knows  in  himself  only — 
during  processes  of  Sensation  or  Perception  more  especially* 
We  must  now  look,  from  our  human  point  of  view,  to 
what  is  incladed  under  these  latter  terms.  James  MiU 
BHySj* —  '*  What  we  commonly  mean  when  we  use  thft 
terms  Sknsation  or  phenomena  of  Sensation »  are  ilie 
"rr  vToch  we  have  by  the  five  senses— Smcfi,  Tanify 
I  rA,  and  Sii/hi,    Tlies©  are  th«  feelings  from 

1  ^tions  of  what  we  denotnhiatc  the 

liinpa  by  wUich  we  ar<!  surronncled. 
.  ,  Wham        Hmrll  a  row  ^^\et^  \a  &  p&Tllcul&r 
M   vtsass  iViift\i\^ct  trona  all  olbete, 
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which  we  inean  to  denote  wheu  wo  call  it  tbo  smell  of  the 
rose.    In  like  manner  we  spenk  of  the  smell  of  hay,  the 

smell  of  turpentine,  and  the  Bmell  of  a  fo:t.  

We  can  dietinguish  this  feeling,  this  i^onsciousDeas,  the 
sen^tion  of  smell,  from  evoi-y  other  Bonsation.  Smell 
and  Sound  are  two  \wy  dilfL'ront  things;  ho  are  Smell 
and  Sight.  The  smell  of  &  roae  in  ditferent  from  the 
colour  of  the  rose  ;  it  is  also  different  from  the  smooth- 
ness of  the  ro&o,  or  the  Bensution  wo  luive  by  tout-'hing  the 
rose.  .  «...  In  all  tlieHe  i;uses  what  we  speak  of  is  a 
point  of  coiiscionsuesK,  a  thing  which  we  can  describe  no 
otherwise  than  hy  calling  it  a  fetiling";  a  part  of  that 
^ries^  that  succession,  that  flow  of  something,  on  account 
of  which  we  call  ourselves  living  or  sensitive  creatures, 

 The  feolin^a^  however,  which  belong  to  the  iive 

external  SenecB  are  not  a  fall  enomeratiou  of  the  feelinga 
which  it  seems  proper  to  rank  under  the  head  of  Senea- 
lious,  and  which  must  he  considered  as  bearing  an 
important  part  in  those  complicated  phenomena  which  it 
is  our  principal  business  in  this  inquiry  to  separate  into 
their  principal  elements  and  explain.  Of  these  unnamed 
and  generally  unrefrarded  sensations,  two  principal  classes 
may  bo  distingiUHhed  :— first,  Those  which  accompany 
the  action  of  the  several  Muscltia  of  the  body  ;  and 
secondly,  those  which  have  their  place  in  the  Alimentary 
Canal  [and  other  internal  Viscera].** 

This  explanation  of  the  word  Sensation  is  clear  and 
leaves  room  for  no  nucertainty.  The  term  is  seen  to  be 
interchangeable  with  the  word  Feeling,  although  the  latter 
has  a  wider  signification  and  is  applicable  to  every  modi- 
fication of  Consciousness  whatsoever.  For  instance,  w© 
are  said  to  feel  excited  or  depressed^  we  feel  fearful  or 
confident,  we  feel  joy  and  sorrow,  we  feel  love  and  hatred 
— though  these  various  emotional  or  moral  states  are 
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flometimes  distiDgtiished  from  our  more  primftrjr  &ad 
simpler  feelings  by  caliiag  tbeai  'Sentiments/ 

In  addition,  hoveTer,  to  the '  simple '  SensfttioDs  experi- 
enced throQgh  the  actiTitj  of  tEe  organs  of  any  one  aenaa, 
we  are  capable  of  experieDcing  d  asters  of  simnltaneoos 
aeDsatioDS  from  some  external  object.  It  is  in  part 
by  the  differences  edsUng^  between  such  clusters  of  seto- 
B&tions  that  we  are  able  to  distiDgtusb  '  external  objecta^ 
from  one  another^  Each,  clasler  may  be  &aid  for  the 
preaect  to  answer  to  a  kind  of  '  complex '  Sensation,  and 
this  we  are  accustomed  to  denote  by  the  name  of 
corresponding  object.  A  qnaiiBcAtion  of  tbis  statement 
will,  bowever^  sab^qneally  be  needed. 

(Tames  Mill  says, — -^^  The  name  rose  ih  tbe  mark  of  a 
aeosaliun  of  coloar,  a  senEation  of  shape,  a  sensation  of 
touch,  a  sensation  of  smelly  all  in  conjiincUon.  The 
name  water  is  tbe  mark  of  a  sensation  of  colonxi  a  senea- 
tion  of  toncb,  a  s&nsaiion  of  taste,  and  other  sensatioDs, 
regarded  not  separately  bat  as  a  compound/'  Bat  as  the 
Bame  writer  adds : — *'  We  not  only  give  Games  to  clusters 
of  sensations,  bnt  to  clusters  of  clusters ;  that  is^  to  a 
number  of  minor  claaters^  united  into  a  greater  cluster. 
Tfans  we  give  the  name  *  wood  '  to  a  particular  cluster  of 
sensations, tbe  name  'canvas*  to  another,  the  name  'rope' 
to  another.  To  these  clusters,  and  many  others,  joiued 
together  in  one  great  cluster,  we  give  the  name  'shii*.'  To 
a  number  of  these  great  cJustera  united  into  one  we  giva 
tbe  name  '  fleet*  and  so  on.  Haw  great  a  number  of  clusters 
are  united  in  tbe  term  'house*  ?  And  how  many  more  in 
tbe  term  'city'?'' 

But  another  term  mast  now  be  defined.  A  SensatioGj 
whiither  '  simple'  or  '  complex/  which  has  once  been  ex* 
pencnced  is,  as  we  all  know,  apt  to  persist  or  to  \te  retived 
in  memory.    On  this  subject,  again,  James  MiU  writes 
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"  It  is  a  known  pari  of  oar  constitution  that  when  out 
Hensations  cease^  by  the  absence  of  their  objects,  some- 
tbiog  remains.  After  I  have  seen  lUe  sun,  and  by  ehiit- 
tiQg  my  eje»  see  him  no  longer^  I  can  still  think  of  him. 
I  hrtve  still  a  feeling,  the  consequence  ol  the  socsation 
i^bich — though  I  can  distiug^uish  it  from  the  Bcnsaiion  and 
treat  of  it  as  not  the  aensatioti,  bnt  something  different 
fi-om  the  seriBation — is  yet  more  like  the  sensation  than 
an^-thing  else  can  be ;  so  like  that  I  cnll  it  a  copjj  an 

image,  of  the  sensation  Another  name  by 

%vhich  we  denote  this  trace,  this  copy  of  the  sensation, 
which  remains  after  the  sensation  ceases,  is  Idea.  .... 
The  word  Idea  in  this  sense  will  express  no  theory  what- 
soever ;  nothing  but  the  bare  fact,  which  is  indisputable. 
AVe  have  two  classes  of  feelings  :  one,  that  which  exists 
^'hen  the  object  of  sense  is  present;  another,  that  which 
exists  after  the  object  of  sense  has  ceased  to  esist.  The 
one  class  of  feelings  I  call  Sexsations,  the  other  class  of 

feelings  1  call  Iueas.  As  each  of  oar  senses  has 

its  separate  class  of  sensationsj  ao  each  has  its  separate 
class  of  ideas.  We  have  ideas  of  sights  ideas  of  touch, 
ideas  of  hearing,  ideas  of  taste,  and  ideas  of  smell*'* 
These  copies  of  seasalioria  may  recur  singly  or  in 
clusters,  so  that  tliey,  like  Sensations,  are  and  have  been 
long  classified  bb  '  simple  *  and  *  complex.'  Fur  tho  pro- 
resa  of  recurrence  itself,  which  of  course  varies  much  in 
complexity,  James  Mill  proposed  the  term  Ideation. 

But  in  reft^rring  to  the  sensations  derived  from,  and 
the  realization  of  the  nature  of,  an  '  external  object,'  we 
have  passed  beyond  the  range  of  '  Sensation  proper, *"  and 
have  eucroatihed  upon  whut  is  commonly  considered  as 
*  Perception  proper,'  The  full  meaning  and  explanation  of 
this  statement  will  become  plain  if  we  briefly  consider  the 
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Older  in  whieli  oor  Sensations  mnd  lde«8  ooror,  snd  Uie 
Bkodea  in  wbich  they  combine  with  one  anotber. 

With  respect  to  the  order  of  oar  Sensatious,  it  is  obno 
enoagfa  that,  to  &  oonsiderable  63ct<?Dt,  ther  occur  mo~ 
ing  to  the  order  estabtieiied  amoog  what  we  call  t 
objeeta  and  phenomena  of  natore  ;  and  that  th«se  are 
dirimUfi  into  two  categories: — (I)  the  svuchronoas  order, 
and  (2)  the  snccessire  order.  As  JaT»es  MDl  says  : — **Tfo« 
sjucbronons  order,  or  order  of  simnlUiieons  existence,  is< 
the  order  in  spaee  ;  the  successive  order,  or  order  or 
antecedent  and  coneeqaent  existence^  ia  the  order  in  time. 
Thus  the  yarioas  objects  in  my  room,  the  chairs,  th6 
tables,  the  books,  have  the  svuchronoas  order^  or  order  in 
gpaee«  The  falling  of  the  spark  atid  the  explosion  of 
gunpowder  have  the  successive  order»  or  order  in  time." 

We  babituallj  receive, therefore," syiichrorioiia  SensattoDl 
from  external  objects  co-existing  in  spaee^  and  we  as 
habitually  receive  trains  of  succcssire  Sensations  follow- 
ing one  another  in  ttrae.  And  as  Ideas  are  merely  weak 
copies  or  revivals  of  Sen^tions,  it  i^  only  natnrftl  to 
expect  that  they  would,  as  they  do,  derive  their  order  in 
the  main  from  that  of  onr  sensations.  On  this  head 
Herl>ert  Spencer  *  remarks, — the  persistence  of  the  con- 
nection between  states  of  consciousness  is  proportionate 
to  the  persistence  of  the  connection  between  the  agencies 
to  which  tbey  answer.  Tbe  relations  between  external 
objects,  attributes,  acts,  arc  of  all  grades  from  the 
necessary  to  the  fortuitous.  The  relations  between  the 
answering  statea  of  consciousness  must  similarly  be  of 
all  j^rades  frouj  the  necessary  to  the  forttiitous." 

Now  it  so  biippens  that  **  of  tbe  objects  from  which  we 
deriro  the  greatest  part  of  our  sensations,  most  of  those 
which  are  observed  aynchronically  are  frequently  observed 
*  "  rrincii^ks  of  Psycbology,"  vqL  k.  p.  448. 
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sjTDcbroiiically ;  most  of  those  wliich  are  observed  succes^ 
Bively  are  frequently  observed  saccessivelj/'  *    Bat  the 
cGTects  of  such  repotitiona  of  ScntiatioDS,  *  aasociatod  *  by 
tbelr  occurrence  either  *'  precisely  at  the  same  instaDt  of 
time  or  in  the  contiguous  auccesaive  iDstauts,'*  and 
whrLhcr  refeiTing  to  the  aatno  ohject  or  fco  different  ob- 
jects, were  cleaily  entinciuted  nearly  a  century  and  a  half 
a:^o  hv  Hartlev  in  his  celebrated  '  Doctrine  of  Associa- 
tion/t    He  then  laid  down  the  following  important  law 
of  Mind  : — Senaaiion^^  AyB,C^  tfc,  by  hf.lng  a**a- 
m^uitfd  xtHh  one  titwther  a  suffieifnt  Nitmb'M'  of  TimcSf  gH 
W^kuch  a  Ihnctr  over  the  correj^pondintj  Idtut^^  itih^c,  tjtc*^ 
that  any  one  of  the  Scmfttiona       when  imprwed  alone^ 
m^^utll  he  tihh  1o  exalt*,  hi  the  Mind  h^c^  dc,  the  Idcaa  of 
HPb«   r^st.'*     Masnihir   Motions   were   alnu    Bbown  by 
J     Hartleyl  to  ejtLibit  a  aimilar  tendency  to  cohere  with 
I     St^nsntions  and  Ideas,  and  **tiifi  whole  doctrine  of  aeso- 
ciutiou    was  comprised  by  him  in  a  *  theorem  *  to  that 
BSaci,  almost  precisely  Birailar  to  what  has  been  re-affirmed 
and  fully  illustrated  in  our  own  time^  hy  Alexander  Bain, 
as  '  The  Law  of  Contiguity/ 

Hartley,  moreover,  showed  that  '*  Simple  Ideas  will  run 
into  complex  ones,  by  means  of  Association  ;  "  and  on  this 
bead  James  Mill  says: — "  Ideas,  also,  which  have  been  so 
often  conjoined  that  wheneTer  one  exiHlB  in  the  mind  the 
other  exists  along  with  it,  Bcom  to  run  into  one  another, 
!    io  coiilesce,  as  it  were,  and  out  of  many  to  form  one  idea, 
I    which  ides,  however,  in  reality  complex,  appears  to  be  go 
less  (dimple  than  any  one  of  those  of  which  it  is  com- 
pounded, .  .  •  The  word  *g'o]d,'  for  example,  or  the  word 
'iron/  appears  to  express  as  simple  an  idea  ae  the  word 
•  .Tatnea  Mill,  loc,  cit..  p.  55. 

t  "  Observations  on  Man/'    Sixth  Edition,  1834,  p.  41. 
J  Lr^c.  cit.,  p.  65. 
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'  colour  *  or  the  word '  soaud/  Yet  it  is  immediately  seen 
that  the  idea  of  e&cb  of  those  metals  Is  made  up  of  lb 
separate  ideas  of  several  scnsationB:  colonr,  hardness, 
extoasiotij  weight.  Those  ideas,  however,  preaent  them- 
6eives  ia  aneh  iutiroaie  nnioD,  that  thej  are  coDstantl/ 
Bpoken  of  as  one,  not  many.  We  say,  our  idea  of  iron, 
our  idea  of  gold  ;  ayd  it  is  oidy  with  an  eflbrt  that  reflect 
log  men  perform  the  decompositiou," 

Ideas  fuse  themseives  in  this  mauner  into  clusters^  or- 
complex  ideas,  beeausej  beiug  only  repetitions  or  weak 
copies  of  sensations,  they  are  reproduced  in  the  same  order 
as  the  sensations.  And  the  Sensations  in  qncsiion  habitu- 
ally occur  in  ciu^^tera  hecaose  the  '  external  objects  *  to 
which  they  correspond  usually  impress  the  orgfanism  sim- 
ultaneously through  different  senses.  Thus  it  happens, 
according  to  the  law  above  cited  from  Hartley,  that  when 
any  one  consLituent  of  a  natural  cluster  of  sensations 
conies  within  the  range  of  the  corresponding  sense  organs 
of  an  auimalt  the  other  possible  impressions  composing  lbs 
cluster  (and  representing  the  organism^s  knowledge  of  the 
externul  object)  become  Bimultaneonfily  nascent  in  memory, 
so  that  the  object  is  perceired  or  recognized.  If  in  a  dark 
room  my  hand  comes  upon  an  orange  or  upon  a  book, 
either  of  these  sensations  of  touch  will  immediately  fuse 
with  nascent  ideas  of  other  possible  sensations  from  the 
same  object  (whichever  it  may  be)  so  that  this  object  ia 
perceived  as  a  present  oxtcrnal  reality,  This^  then,  is  the 
nature  of  the  process  known  as  Pkhception  :  in  which  w© 
have  A  present  sensation  linking  itself  indissoiubly  bj 
•  association  '  with  a  complex  idea  derived  from  our  past 
experiences  with  similar  objects.  It  is  not,  as  James  Mill 
implies,  the  appreciation  of  a  mere  '  cluster  of  sensations.* 

Thus  it  happens  that  an  object  is  recognized  Lmme- 
diately  or  intuitively^  not  so  much  by  the  mere  single  or 
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double  preBeol;  ionpression,  as  by  tlie  blencling  of  this 
with  more  or  less  fully  rerived  in™orieB  of  other  impres- 
Bions  wbk'b  bave  at  various  times  been  associated  with 
the  same  object.  Truly  eDOXigh,  as  Buin  sajs  ; — "  When 
W6  see,  hear,  touch,  or  move,  what  coraea  before  os  is 
really  contributed  more  by  the  mind  itself  than  by  the 
present  objeet." 

DiS'ereiit  Perceptions,  as  tho  i-eader  will  easily  under- 
stand, vary  immensely  in  tbo  i^oniplexity  of  their  contents* 
iKhis  qnality  is  always  strictly  dependent  upon  the  wealth 
of  antecedent  experiences  in  relation  to  any  object  present 
to  sense,  both  in  the  individual  itself  and  in  the  race 
from  which  it  has  been  derived*  The  natural  simpli- 
city or  complexity  of  the  object  perceived  is  also,  of 
course,  of  great  importance.  The  possible  impressions 
comprised  in  the  perception  of  a  bar  of  '  iron '  are 
natamlly  few  in  comparison  with  those  which  may  be 
included  nudor  the  perception  of  a  '  house»*  Still,  the 
same  object  may  in  different  men  excite  perceptions  of 
quite  a  different  natnre.  A  savage  who  baa  nerer  seen 
gunpowder  before  would,  for  instanee,  have  a  set  of 
notions  called  np  by  the  sight  of  it,  which  would  not  at 
all  correspond  with  those  of  an  educated  European  who 
well  knew  its  composition  and  properties.  To  the  one  it 
would  appear  as  a  black  powder^  and  ho  would  perceive  it 
njore  or  less  simply  as  such.  The  perception  of  the  same 
Bubstauce  by  the  European,  however,  would  be  much 
more  complex,  eoutaining  more  or  loss  fuJJy  revived  ideas 
as  to  its  nature,  together  with  half-uascent  memories  of 
the  various  kinds  of  effects  which  it  is  capable  of  pro- 
ducing by  explosion, 

^  A  neuro-phyisio!ogicftl  interpretation  of  Perception  will 
Ihere  serve  more  fully  to  elucidate  this  important  process, 
and  show  its  harmony  with  what  has  previously  been 
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said  in  regard  to  the  functiotiol  activity  of  tbe  N^ervous 
System, 

It  is  only  in  comparatively  low  orgauisnis,  or  in  some  of 
the  nerve  actions  of  higher  organisms,  that  iugroiu^  im- 
pressions would  imping^e  upon  a  more  or  lesa  isolakd 
group  of  nerve-cells,  and  be  thence  transmitted  to  other 
cells  and  along  outgoing  fibres  to  groups  of  muaclea.  This 
is  what  occurs  in  the  simplest  kindn  of  'reflex  action/ 
But  Just  as  complications  tjeem  almost  inevitably  to  spring 
up  on  the  outgoing  side,  in  the  form  of  new  nervoua 
eonupctions  betvveen  groups  of  motor  calls  (serving  to  ren- 
der possible  Uio&e  complex  simultaneous  and  suoces&ive 
movemtints  seen  in  the  more  elaborate  *  rofloi  actions '  of 
the  Fro^  and  other  animals),  so  in  tbe  manner  briefly 
indicated  iu  the  last  chapter,  will  analogous  structural 
complications  spring  up  iu  the  highest  nerve  centres  oa 
the  side  of  ingoing  currents.  Here  connections  become 
established  between  the  organic  mechanisms  concerned 
with  the  pat^sage  of  simultaneous  or  succesgive  impressionSi 
excited  by  ohjects  in  the  outside  world. 

Thus,  in  relation  with  the  most  familiar  *  external  ob- 
jects/ a  connected  internal  symboHc  register  of  their  attri- 
butes and  relations  ia  gradually  eBtablished  in  the  Brain. 
There  is  an  opening  up,  in  some  habitual  but  imperfectly 
understood  manner,  of  a  scries  of  in  tcrco  one  cling  channels 
or  fibres  between  particular  cells  in  each  of  the  impressed 
Sensory  Centres  and  all  the  others.  This  would  always 
occur  in  accordance  with  a  fixed  plan  (p* 

When,  therefore,  an  external  object  is  *  perceived '  by 
any  animal  having  developed  sense-organs,  an  impression 
upon  one  or  more  of  its  sense-centres  suffices  to  rouse 
into  simultaneous  conjoint  activity  not  only  these  but  al^ 
other  centres  in  parts  of  the  brain  which  have  previously 
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been  calltid  into  Action  whon  an  object  of  the  same  kind 
had  been  preseiitetl.  It  is,  therefore,  by  the  simultaneous 
consciouanesa  and  fusion,  as  it  were,  of  the  subjective 
gjdes  of  various  new  and  old  irapreBaiuriH  that  a  present 
object  is  'perceived,'  or  recognised.  It  could  only  be 
by  the  previous  eBtablishmeiit  of  atructural  commuuica- 
tiona  between  the  several  related  sensory  cells,  that  the 
excitation  of  those  of  any  one  order  would  suffieo  to  revive 
more  or  less  strongly  in  other  groups  just  such  molecular 
ehanges  as  like  objects  had  on  previi>uH  occaaioua  excited. 
And  it  may  be  easily  understood  that  the  molecular 
movements  initiated  by  any  one  or  two  ingoing  sense 
impressions,  may  start  from  such  groups  of  cells  and 
thenoe  flow  over  into  all  comnjunicating  chaunela  be- 
tween tbem  and  the  cells  of  other  related  groups — just 
as  outpoured  water  from  some  overfull  lake  or  reservoir 
would  tlow  ettsilv  through  any  set  of  connected  channels 
which  might  have  become  eataUisbed  around  it.  The 
more  definite  the  nervoufl  paths,  and  the  more  frequently 
they  have  been  traversed  by  stimuli,  the  easier  will  it  be 
for  molecular  movements  (as  it  woiiUl  be  for  water,  in  the 
illustration  given)  to  flow  along  such  channels  when  the 
next  occasion  arises. 

Some  such  process  a9  is  above  indicated  would  seem 
to  correspond  physically  with  what  is  known  as  an  act 
of  Perception.  As  the  writer  has  elsuwbore*  pointed 
out,  one  of  the  piincipal  features  of  such  an  act  is  that  it 
tends  to  associate,  as  it  were,  into  one  state  of  conscious- 
ness much  of  the  knowledge  which  has  been  derived  at  dif- 
ferent times  and  in  different  ways  concerning  any  particular 
externa]  object*  "When  impresBions  from  such  an  object  are 
made  upon  any  sensory  nuclei,  they  strike  first  upon  the 
correRponding  *  perceptive  centres  '  in  the  cerebral  hemi- 
•  "The  PhyBiolofry  of  Thinking."— "Brst.  Med.  Joarn  ,"May,18S9. 
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spheres  and  tbenoe  immediately  radiate  to  other  percep- 
tive cc^utres,  there  lo  rouse  the  activities  of  functionELllj 
related  cells.    This  process  takes  piac^3  with  each  rapidity 
that  the  several  exQitati una  are  practically  slmultim&aua, 
and  the  comhined  effects  are  fused  into  one  eingle  act 
of  Ferceplian,    Thus,  I  eee  au  oratigo  at  a  diatance ; 
this,  as  an  object  of  Tisual  sense,  is  Bimply  &  roundefl 
yellow  area  ;  but  past  experience  has  led  me  to  kuow  vi^hifl 
are  the  tactUe  and  muscular  aenEationB  usually  assonatw 
with  the  sight  impressions — how  it  is  really  a  Bpherical 
body,  ^ith  a  Bomeivhat  rough  surface.     Then  I  hav^ 
learned,  aho,  that  these  impresnions  are  usually  aHsociateJI 
with  a  certain  odour,  with  a  certain  taste^  a  degree  of 
succulence,  and  certain  internal  vistial  characters,  inclad- 
iiig  a  divisibility  into  segments  and  the  possible  presence 
of  seeds  within.    A  combination  of  any  of  these^  or  of  a 
host  of  other  revivable  impressions,  may  go  to  constitute 
my  'perception*  of  an  orange,  and  may  flash  into  conscious- 
ness more  or  less  simultaneously,  on  the  presentation  of 

I 

If  we  now  turn  our  attention  to  another  aspect  of  thfl 
question,  and  look  to  the  notable  differences  existing 
between  difffjrent  kinds  of  Sensations,  it  will  gradually 
be  made  plain  that  these  are  marked  off  from  simple 
and  complex  Perceptions  by  differences  of  degree  rather 
than  of  kind,  and  also  that  Emotion  and  Intellect  are,  in 
their  rudimentary  idiasos,  alike  inseparable  even  from 
fiimple  Sensations. 

Professor  Bain  saya^ — "  Some  sensations  are  mere 
pleasures  or  pains,  and  little  else  ;  sncb  are  the  feelings  of 
organic  life,  and  the  sweet  and  bitter  tastes  and  odours. 
Others  stretch  away  into  the  regions  of  pure  intellect,  and 
are  nothing  as  regards  enjoyment  or  suffering,  as,  for 
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example,  a  great  number  of  tbose  of  tli©  three  higher 
Benses/'  ThiB  difierence  is  more  fully  cx])IiiitieJ  wheu  ha 
B«ys,  **If  we  examine  the  sensations  of  oigtiiiic  life,  Taste, 
and  Smell,  we  shall  timl  that,  as  regards  pleusiire  and  pniii, 
or  in  the  eraotiounl  point  of  Tiew,  they  are  of  great  conse- 
qtienco  ;  hut  that  they  contribute  very  little  of  the  per- 
manent foima  and  imagery  employed  in  our  intellectual 
processes*  Tliia  last  function  ia  niiiiuly  served  by  Touchj 
Hearing,  and  Sightj  which  may  therefore  bo  called  the  Intel- 
lectual BeitBes  by  pre-eminence.  They  are  not,  however, 
thereby  prevented  from  serving  the  other  fnnction  also,  or 
from  entering  into  the  pleasures  or  pains  of  our  emotional 

In  what  is  above  said  the  important  fact  is  implied  that  to 
cvei7  SeDsation there  are  two  sidc^s,  on  'emotional'  and  an 
'intetlectual/  and  that  in  Bome  sense-impressions  the  one, 
and  in  some  the  other,  prcdominatea.  'I'biB,  in  slightly 
diii'erent  terms  (viz.,  the  inverse  proportion  of  Sensation 
and  Perception),  has  been  Btrongly  insisted  upon  by  Sir 
William  Hamilton,  In  illuBtraticn  the  following  passage 
may  be  placed  before  tlie  reader.  Ho  says  : — '*  If  we  take 
A  survey  of  the  Senses,  we  Bhall  find,  that  exactly  in 
proportion  as  each  allurds  au  idiopathic  sensation  wore 
or  less  capable  of  being  carried  to  an  extreme  either  of 
pleaauro  or  of  pain,  does  it  afford,  but  in  an  inveree  ratio, 
the  condition  of  an  objective  perception  more  or  less 
distinct*  In  the  senses  of  Sight  and  Hearing,  as  contrasted 
with  those  of  Taste  and  Smell,  the  counter-propositions  are 
preciBe  and  manifest ;  and  precisely  as  in  animals  these 
latter  senses  gain  in  their  objective  character  as  means  of 
knowledge,  do  they  lose  in  their  subjective  character  as 
fiouroes  of  pleasurable  or  painful  sensations.  To  a  Dog, 
for  instance,  in  whom  the  sense  of  Smell  ib  so  acute,  all 
Odonra  seem,  in  themselves,  to  be  indifferent.  In  Touch 
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or  Feeling  the  aune  anftlogj  holds  good,  ant!  wiUun  itsdf ; 
for  in  this  case,  where  the  MDW  is  di^sed  throoglKNit 
the  hody,  the  rabjectiTe  and  the  objective  Tsiy  in  their 
pToportions  &t  different  pojrtfl.  The  parts  most  snfcjeetml^ 
sensible,  those  chiefly  BaseepLibte  of  pain  aod  pleasore, 
farDiah  precisely  the  obtasest  organs  of  touch  ;  and  the 
acatcat  orgUDS  of  touch  do  not  possess^  if  erer  eyen  that, 
more  than  an  average  amonnt  of  snbjective  seDsibility/^ 

Sensation  is,  in  fact,  a  complex  nither  than  a  simple 
mental  process.  It  is  inyariably  compounded  of  Cogni- 
tion and  Feeling. 

That  there  is  a  discriminative  or^intellecinal'  side  to^Teo 
the  moHt  subjective  of  oar  SensaUona  is  fully  admitted 
by  Haniilton  and  others.  Any  Sensation,  however  simple, 
can  only  be  recogiuzed  as  such — can  ouly  become  aa 
element  of  oar  ConscioQsuess,  {a)  by  the  simaUaneous 
memory  or  revival  of  some  past  impressions,  {b)  by  the 
jutnitive  recognition  of  their  likeness  or  nDlikesesa  to  the 
prcj^ent  impression,  and  (c)  by  the  similar  recognition  that 
thift  is  felt  aa  in  a  certain  place  This  holds  good  even  for 
Touches  and  Tastcg  which  are  habitually  referred 
some  part  of  that  iuner  circle  of  the  Non-Ego,  reproimi 
aented  by  the  organiam's  own  body.  And  in  reference  to 
aach  Odours,  Sounds*  and  Sights  as  are  referred  to  the 
outside  world  beyond  the  organism,  it  becomes  plainly 
impossible  to  attempt  to  preserve  any  real  distinction  be- 
tween Sensations  and  Perceptions — since  precisely  the  same 
mental  processes  are  involved  in  both.  Thus,  according  to 
Sir  William  Hamilton,  Perception  also  is  "  au  AiMrtoty 
Judffmentt  that  within  the  sphere  of  sense  an  object 
exti^t*,  and  cttHls  thiu  or  ihm  confiitionetL"  The  number 
of  the  *  conditions  *  may,  of  conrse,  vary  greatly,  hut  mthu 
altering  the  real  nature  of  the  procosa.  Indeed  he  sub 
quenUy  says,  **  It  is  manifestly  impossible  to  discriminal 
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viih  any  rigour,  Sense  from  InteUect;  "  and  after  calliog 
attention  to  the  similar  opinion  held  by  Aristotle,  odds 
these  wordsj  "  Seusitive  apprehension  is,  in  truth,  only  the 
jpecogniiion  hy  InteUigence  of  the  phenomena  presented  in 
or  through  its  organs." 

It  seems  plain,  therefore^  that  a  gradual  transition  may 
fad  traced  between  simple  Sensations  and  the  mast  oiabo- 
rate  Perceptions ;  that  there  is  a  difference  in  degree, 
rather  than  in  kind,  between  these  two  procesi^es  ;  and 
that  James  Millj  in  hia  "  Analysis  of  the  Humtin  Mind/' 
was  not  without  justiticatLon  in  making  no  am  of  the  latter 
term^  and  in  spoaking  merely  of  *  simple  '  and  of  *  complex' 
Sensations.  Moreover,  it  maat  be  steadfastly  borne  in 
mindi  that  in  every  complex  Sensation  (or  Perception)  of 
an  external  object,  there  occurs  an  embodied  claster  of 
judgments  aud  iufei-cnces,  similar  in  kind  to  those  which 
compose  the  basis  of  all  Intellectual  Action,  Thus  the 
notion  that  an  intellectual  elemout  enters  iuto  the  very 
groundwork  of  all  Sensations  is  so  well  founded  as  to  make 
it  not  at  all  surprising  that  such  an  opinion  should  have 
been  held  alike  by  ancient  and  by  more  raoderu  philoaophers* 
i  It  will  he  probably  far  less  difllicuU  for  the  general  reader 
jto  acluiowledge  the  fact  of  the  close  genetic  relations 
WusLiiig  between  Sensations  and  those  complex  states  of 
feeling  known  as  Emotions,  than  for  him  to  recognize  the 
rehitionship,  above  pointed  out,  between  Sense  and  Intel- 
lect. This  i6  natural  enough,  because  those  who  have  not 
reflected  or  read  much  on  these  subjects,  are  apt  not 
adequately  to  appreciate  the  importance  of  the  Intellectual 
element  in  all  Sensations^  though  they  may  have  little 
difficulty  in  recognizing  that  Sensation  and  Emotion  are 
merely  different  kinds  of  Feeling.  It  will  not,  therefore, 
ftt  present,  be  necessary  to  dwell  long  upon  this  latter 
Bpoct  of  the  problem  as  to  the  genesis  of  Mind. 
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We  may  eafcly  aastmie  it  to  be  admitted,  as  a  gene 
truth,  that  Emotions  of  various  kinds  grAfhially  man 
fest  themselvcsB  and  gain  in  BlreDgth,  as  Ibe  sensori 
endowments  of  animals,  and  tbeir  relational  corresponden 
with  their  enviionment,  increase  in  definiteness  and  com- 
plexity* '  Pleasarea'  and  *  pains'  &oon  begin  to  bo  realized 
as  direct  results  of  their  \arioua  moTemeuts  and  seD^rial 
activities,  and  from  the  traces  of  these  i^hich  &urvive  in 
the  form  of  naecent  and  clustered  memories  of  naaoy 
related  seni^ationB,  those  nnmerous,  vagne,  but  all-powerful 
modes  of  Feeling,  commonly  known  as  Emotions,  take 
their  orifrin^  and  often  seem  to  increase  in  Btrength  as 
the  wealth  of  asBociations  fi'om  which  they  are  derived 
becomea  organized  and  widened  in  auccessive  genera- 
tions of  animals.  The  revival  of  such  Tagi;e  clustered 
meniovieB  of  *  pleasures'  or  *  pains*  usually  follows  aa  a 
direct  insult  of  some  Perception.  An  impression  made 
upon  some  orj^an  of  sense  may  thence  reverberate  through 
the  brain  so  as  to  produce  a  Perception  of  the  correspond- 
ing objectj  and  may  RirauUaneonsIy  evoke  aomo  diatinclly 
related  Emotion.* 

This  double  or  two-sided  nature  of  Sensation,  and  tha 
necessary  development  from  it  of  the  germs  of  Intelle<^ 
on  the  one  side,  and  of  Emotion  on  the  other,  as  from  a 
common  root,  is  a  fact  of  the  greatest  interest  from  a 
physiologicjil  as  well  as  from  a  philosophical  paint  of  %iew* 
We  must  perforce  admit  that  e\'cry  kind  of  Sensation  has 
two  distinct  though  closely  related  sides,  tlie  one  of  which, 
HB  mere  FeeliUj^,  reveals  the  mode  of  aifection  of  the 
while  the  other,  as  Diserimiuation  or  Cognition,  rev 
the  relations  and  qualities  of  what  we  call  the  Non-Eg 

*  On  the  Rnbject  of  the  ^Deaia  of  Emotiua,  tlie  render  pnay 
conDoU  a  rliapiiT  ia  HtTltcrt  Speocer*B  '*  Principles  of  Pny- 
Chology/'  vol  i.  pp,  461-494^ 
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These  two  components  exist  in  every  Sensation,  though, 
AS  Sir  William  Hamilton  contends,  in  Mt  inverse  ratio. 
TLe  formula  of  the  one  is  I  feel,  the  formula  of  the  other 
/  htoiv.  The  one  is  represented  by  what  has  been  termed 
*  Scnstitiou  proper/  aud,  in  its  hig^her  developments,  hj 
Emotions,  and  Moral  Sentiments  ;  the  other  hj  '  Percep- 
tion proper/  and,  in  its  higher  developments,  by  Judg- 
ment, Imagination,  Conception,  Eeasouin^,  or  the  more 
purely  Intellectual  PrtKjesaes. 

There  is,  indeed,  a  third  aspect  of  BeiiBatiou  or  Percep- 
tion, which  has  not  yet  been  tnentioucd,  thou|[^h  it  Goems 
to  be  one  of  great  importance  in  helping  to  determine  tha 
Deyelopment  of  Nervous  StructureB,  and  the  correlatiye 
increasing  complexity  of  Menial  Phenomena.  This  is  to 
be  found  in  that  exercise  of  Volition  or  Will  which  enters 
iiito  every  Perception  under  the  form  of  Attention.  Nor 
must  it  be  here  forgotten  that  in  still  another  way  aro 
Sensationa  related  to  Vohtiona.  The  pleasures  and  pains 
cf  Sense,  either  actually  present  or  represented  in  Idea, 
seem  nnqnestlonably  to  con&iltuto  the  subjeetive  sides  of 
those  neural  processes  which  most  frequently  issue  in  the 
so-called  Volitioual  Movements,  But  this  subject  will 
be  more  fully  considered  in  a  later  chapter, 
r  It  ia  of  gi'oat  importance,  however,  here  to  note  that 
Intelligence^  Sensation,  Emotion,  and  Volition  are  mental 
procGHaes,  the  primary  stages  of  which  are  dependent 
Upon,  and  inseparably  connected  with,  diftercnt  modes  or 
BspectEi  of  the  functional  activity  of  the  Perceptive  Centres; 
and  that  thiii  conclusion  at  wbich  we  have  arrived  ia  one 
which  will  be  found  to  be  quite  harmonious  with  the  ilicta 
of  philosophers  in  regard  to  human  Psychology.  Thus 
Sir  William  HamUton  says*:—**  lu  every,  the  simpleatj 
modifications  of  Mind,  Knowledge,  Feeling,  and  Desire  or 
#  **  Ledum  on  Metuphjaics,"  vol  i  p,  188. 
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Will  go  to  constitute  the  mental  stote ;  and  it  is  only  if 
seieiitific  ahsiraction  that  wo  are  able  to  nnoXyze  tlie  slate 
into  elements  wliich  are  never  really  existent  but  in 
tiiutnal  comljiimtion.  TLeso  elements  are  foaud,  indeed, 
in  Tery  "various  proportious  in  different  states — somelimes 
one  preponderates  and  sometimeB  another ;  but  there  ta 
no  fitute  in  which  they  are  not  all  co^existent,"  Similar 
yicwB  have  been  even  more  prominently  urged  by  Herbert 
Spencer,  and  they  are,  rooreover,  fully  in  accordance  wilh 
his  general  notiim  that  *'the  hi-^liest  forma  of  psychical 
activity  arise  little  by  little  out  of  the  lowest,  and  cannot 
he  definitely  separated  from  them/*  * 


But  why,  it  may  be  asked,  should  progress  be  observ 
iu  the  (IcVGlopmeiit  of  the  Perceptive  Powora  and  all  that 
tliia  includes,  ag  we  pass  froon  lower  to  higher  animals 
and  wliat  ovideuco  have  we  that  the  acquiremeuts  and  bus- 
ceptibllities  of  one  generation  of  animals  are  handed  down 
to  the  next,  to  bo  by  them  improved  upon  and  transmitted 
in  turn  ?  These  all-importaut  questions  now  need  oud 
brief  hut  earnest  attention. 

Life  is  aptly  described  in  general  terms  by  Herbert 
Spencor,  eh  *'  the  cotitinuauB  adaptation  of  internal  t^ 
exiertial  covdlt'wm"  Nerve  tissues  and  organs  arc,  as 
we  have  seen  reason  to  believe,  at  onc6  the  result  of  this 
correspondence,  and  the  moans  whereby  it  becomes  organ- 
ically registered.  And  as  mental  phenomena  are  hold  ta 
teeult  from  the  actions  of  this  registering  mechanismj  Iho^ 
must  necessarily  show  something  of  that  continuity  which 
exists  in  the  mechanism  itself.  As  the  degree  of  eorro- 
spoudence  between  the  organism  and  ita  surroundiugfl 
increases,  the  sum  total  of  mental  phenomena  must  ba 


•  Bre  "  Priuciplea  of  Physiology;'  vol*  ii.  pp,  51S-516, 


Chif.  xn.i 


AND  PERCEPTION. 


187 


increased  and  modified  in  a  mautier  related  to  the  now 
developmentB  and  modifications  taking  plucG  in  tho  regis- 
teiLug  mechanism  itself. 

Ihete  must,  therefore,  from  tho  very  nature  of  tlungs, 
always  exist  an  organized  continuity  in  tlio  menial  phe- 
nomena possible  to  orgauismsj  quite  independent  of  th& 
nature  of  tho  phenomena  tbemsolvea — ^that  is,  whether 
they  be  higli  or  low,  complex  or  simple.  The  mental 
processoa,  moreover,  whose  nervous  Bubstrata  aro  fully 
ganized,  would,  iu  accordance  with  this  view  and  with 
fi  doctrine  of  hereditary  trausmiyaioUj  always  represeut 
^fi^Mt  u  most  permanent  or  habitual  in  the  experiences 
f  tho  race.  Mind  thus  truly  becomes,  and  cannot  be 
other  than^  a  faithful  reflex  of  the  vital  relations  and 
ftctivitiea  of  the  ortijaniara^ 

I  The  docti-inti  of  *  Liherited  Acq^uisLtion  *  is  not  only 
Iridely  applicable  in  explanation  of  the  genesis  of  Mind  in 
Khe  animal  scries ;  it  suflices,  moreover,  to  reconcile  tho 
adverse  doctrioea  of  the  *  Transcendental'  and  the  'Em- 
pirical '  schools  of  Philosophy,  It  shows  that  the  former 
were  right  in  a  certain  sense,  in  contending  for  the  exist- 
ence of  *  innate  ideas  *;  though,  looked  at  from  a  liirger 
point  of  view  J  it  strongly  teuds  to  confirm  the  views  of  tho 
experiential  school  of  phiJosopliy.  AU  knowledge  comes 
from  *  esperienee  notfi'om  that  of  the  individual^  except 
to  a  comparatively  small  extent,  but  rather  from  that  of  tho 
race.  This  in  the  main  is  transmitted,  by  the  inheritance 
of  the  ancestral  type  of  nervous  mechanism,  which,  in  pre- 
cetliug  countless  generations,  has  been  slowly  attuned  to  cer- 
tain modes  of  action,  and  needs  only  the  incidence  of  certain 
impressions  to  set  it  going.  Tina  is  now  no  mere  theory. 
In  so  far  as  it  concerns  Perceptions  and  Instinctive  Acts^ 
tho  doctrine  may  bo  regarded  as  substantially  proved — 
the  highly  interesting  obseiTations  and  experiments  of 
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Douglas  A.  Spaliliiig*  in  relation  to  the  untaught  Pon 
tions.  Emotions,  and  Motor  Powers  of  Birds,  having  sajt- 
pliod  a  £unl  coiifirmati{>u  which  was  needed. 

Man}'  of  Spalding's  obserTfltions  were  made  upon  young 
Chicliens,  some  of  which  were  carefully  hooded  aa  they 
cmei'pied  from  the  egg,  and  for  two  or  tliree  days  thereafter, 
BO  as  not  to  permit  the  incidence  of  any  Sight  iinpreasions. 
The  joung  Birds  being  then  placed  on  a  smooth  while 
surface,  sprinkled  with  some  seeds  and  insects,  the  hoods 
removed^  and  the  creatures'  acts  were  carefully  timed 
and  duly  recorded  in  a  note-book. 

"Often  at  tlie  etid  of  two  mitjulea,"  Spalding  says,  "tlifj 
followed  vfitb  their  eyes  the  nioTemcnta  of  crawling  insects,  torn" 
iug  tbrir  bead  witb  all  the  predaioti  of  an  old  fowl.  In  trnm  two 
to  fifteen  iriiniiteB  thuy  pecked  at  eome  Bpe<;k  or  insect,  showlnjif 
not  merely  an  iuatinctire  perception  of  dLstanco,  but  eld  originnl 
ability  to  jndge,  to  measure  distance,  with  EEOtnething  lik«  iufaUible 
acciirncy.  .  *  ,  ,  They  never  missed  by  niore  than  a  hair'a 
breadth,  and  that  toOt  wben  the  Apecka  ut  which  they  aimed  were 
DO  bigger,  and  less  visjibb,  than  the  email  dot  of  an  i.'* 

Here,  in  Bome  detail,  is  an  account  of  the  doings  of 
one  of  those  chicks  immediately  after  it  was  unhooded  t 

"  For  »ix  tninnteB  it  eat  chirpings  and  looking  about  it;  at  the(*nd 
of  that  time  it  followed  with  ita  head  and  i^yea  the  movements  of  a 
fly  twelve  inches  di^^tant;  at  ten  minutei  it  made  a  peck  utita  own 
tnen,  and  the  next  lastmit  it  mad«  a  vigoroua  d;Lrt  at  the  fly,  whiell 
hud  come  within  reacli  of  its  ricck»  and  seized  nnd  awuHowed  it  &i 
the  first  stroke  ;  for  Keren  luiuules  more  ii  sal  calling  and  looking 
about  H,  whea  a  bive-bee  coming  Bufficit'^ntly  near,  was  seixed  at  a 
dart  and  thrown  enmedistaiice.  much  diisublcd.  For  twenty  nunutet 
it  flat  on  tKe  spot  where  its  eyes  hud  been  unveiled,  without  attempt- 
ing to  wulk  a  alep.  It  was  then  pluood  on  rou^li  jftound,  withm 
fitght  and  cull  of  a  heu  with  a  br^od  of  iu  own  age.  After  staod- 
jng  chirping  for  about  a  minute,  it  attirted  off  towards  the  ben» 
dUplayiiig  &a  keeTi  a  perception  of  lAie  quaUtien  of  the  oiiler  world, 

•  *•  Maeruilluu's  Mag-rwdnc,"  F«\)rimryj 
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nH  it  was  ever  lilcelj  to  poaeeas  in  afterlife  ...  It  loaped  over 
the  fimaller  obstacles  that  faj  in  its  patli,  aad  mn  round  Iho  la^rgor, 
reaohing^  the  mother  in  ncarlj  a  slraij^ht  Liuti  qb  the  nature  of 
the  grouQd  would  permit." 

Experiments  were  also  mode  with  regftrd  to  the  sense  of 
Hearing.  Chicks  before  they  had  fully  escaped  from  the 
fiboll  were  reudered  more  or  less  deaf  by  eealing  their  ears 
with  Beveral  folds  of  gummed  paper.  Thr(?e  of  them  were 
found,  when  thus  treated,  to  be  so  deaf,  that  they  remained 
perfuctly  indifferent  to  tho  voice  of  the  mother,  Beparnted 
from  them  by  only  an  inch  haard.  After  having  been  kept 
in  ft  bag  in  a  dark  room  till  they  were  between  two  and 
three  days  old,  the  oars  of  these  three  chicks  were  ancorered » 
andf  Spalding  aaya,  '*  on  being  placed  within  call  of  the 
mother,  hidden  in  a  box,  they,  after  turning  rouod  a  few 
timeB^ran  straight  to  the  spot  whence  came  what  mostharo 
been  very  nearly,  if  not  actually^  the  6ist  sound  they  had 
ever  heard,"    These  facta  are,  as  ho  adda,  **coQclaaive 


are  at  drst  but  meaniDgless  sensatious  ;  that  the  direction 
T    of  the  sounding  object,  together  with  all  other  facts  con- 
cerning it,  must  bo  learned  entirely  from  experience.*' 

But  just  as  young  Chicks  fallow  the  call  of  their  mother 
before  Uiey  have  had  any  opportunity  of  asi^octatiug  that 
{  sound  with  pleasurable  feelings^  bo  do  they,  and  other 
young  birdSj  appear  to  be  inspired,  independently  of  all 
education  on  their  part,  with  an  immediate  Emotion  of 
dread,  or  eense  of  danger,  at  the  aight^  or  ou  first  hearing 
the  cry,  of  birds  of  prey,  whose  predecessors  have  been 
the  natural  enemieB  of  their  predecessors*  Thus,  a  young 
Hnwk,  able  to  take  only  short  Stghts,  was  made  to  hover 
over  a  heu  with  her  first  brood,  then  about  a  week  old. 


"Tn  the  twitikling-  of  ati  eje,"  says  Spaldmgt  **  most  of  the 
chivk«n«  WL're  hid  among  grass  and  busbea.    The  hm  pursued 
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it,  atid  scarcely  ha.d  the  hawk  touched  the  gfounO,  about  twelve 
yu-rda  (wia  wlicre  she  had  been  Bitting,  -when  she  f^ll  ajran  it  vith 
auch  fmy  that  it  was  with  difficulty  that  I  could  rescue  it  from 
imTnedlate  death.  Equally  striking  wae  the  etiect  of  the  hawk*i 
voice  -when  ht>ard  for  the  first  ttjne,  A  young  tvirkey  which  1  bad 
adopted  whim  chirping  within  the  imcracted  shell,  was,  on  the 
moruing  af  the  tenth  day  of  its  life,  eating  a  comfortable  brdafc* 
faat  from  my  hand,  when  the  yoang  hawk,  la  a  cupboard  juEt 
beaide  lia,  gave  a  shrill  chip,  chip,  chip.  Like  titt  arrow  the  poor 
turkey  ehot  to  the  other  aide  of  the  room,  and  Btood  there  motioQ' 
lesB  and  domh  with  fear,  until  the  hawk  gave  a  second  cry,  wheo 
it  darted  ont  at  the  open  door,  right  to  the  eitreine  end  of  llie 
passage^  and  ther«,  sil^tit  and  crouijhed  ia  a  corner,  remained  for 
ten  minutea.  Sevei-al  limes  during  the  course  of  that  diiy  it  again 
he-ardth^^se  akniiing  eounda,  and,  in  every  icstai^ce,  with  fiimilar 
tuanifcstatioris  of  fvar/' 

DthGr  most  iiiterostiiig  observations  are  cited  couceminfj 
tUe  Iiistit^ctive  Acta  of  chickeDH,  ducklings,  and  young 
turkeys,  more  especially  in  reference  to  their  mode  of 
seizure  and  disposal  of  food.*  Facts  are  not  wanting, 
moreoYorj  to  shovf  that  the  same  kind  of  inheritance  of 
niontal  and  bodily  capacities,  and  of  likes  and  dislikes, 
obtains  among  biglior  animalB.  InBtaitces  of  tbis  will 
be  given  in  a  subaeqnent  chapter.f  One,  howeTor, 
here  be  cited. 

*'  So  old  IB  the  feuJ/'  aay*  6pH.ldiiig,J  "  between  the  cat  and  the 
dog<  that  the  kitten  knov?a  its  enemy  before  it  is  able  to  see  hitn, 
atid  when  its  fuar  cati  in  no  way  serve  it.  One  day  laat  months 
after  fondling  nay  dog,  I  put  my  hand  into  a  basket  containing  four 
blind  kittetiG,  three  days  old.  The  Bmell  my  hand  had  carried  wt 
it  Ket  them  puffing  and  spitting  ia  a  most  comical  fuahion/' 

Facts  of  the  kind  above  cited  enabled  Donglas  Spalding 
to  deduce  the  following  all-important  conclusions: — 
(1)  That  young  chickens  can  display  an  intuitive  Perceptio 


•  "  Macaiilkti'a  Magazine/'  pp  287  and  288.    f  See  pp.  211, 
J    Nature."  Uct  7,  Iy7f»,  p.  607. 
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by  the  Eye  of  the  primary  qualiliea  of  the  extenial  world, 
as  well  as  an  appreciation  of  the  distance  flud  direction  of 
Bounds  on  the  occasion  of  the  first  exercise  of  tho  Ear ; 
(*2)  Tliflt  chickens  instinctivGiy  bring  into  action  Musclea 
that  were  never  eo  exercised  before,  and  perfarm  a  seriea 
of  delicately  Adjusted  Movonienta  ending  in  the  accom- 
plishment of  a  definite  act—independent  of  any  antece- 
dent experience,  and,  thei-efure,  of  any  '  conception  *  of 
Bach  act ;  (3]  That  **  in  the  more  important  concorna  of 
their  lives  aninmU  are  f^uided  by  Knowledge  which  they 

^individually  have  not  gathered  from  espertenee," 

Other  facts  illustrative  of  these  truth^^  will  be  foand 

^^Tccorded  in  the  chapter  on  *  Instinct.' 

Genered  Statement  of  Ke suits.  Oar  brief  Burveyof 
the  structure  of  Nervous  Systems^  in  pa.ssin**  from  their 
simplest  forms  to  thoise  posacsSBd  by  Eirds,  has  shown 
that  they  tend  to  become  more  and  more  complex  as 
animals  rise  in  thtr  scale  of  organization,  'SVe  have  aliso 
seen  reason  for  believing  that  the  Menial  and  Motor 
phenomena^  of  which  such  Drganij^ms  ore  capable^  show 
a  similar  tendency  to  increase  in  complexity. 

The  increase  in  structural  complexity  is  brought  about 
by  the  growth  and  development  of  nerve- tissues  in  the  indi- 
vidual under  the  stimulus  of  sensory  *  experience  ' ;  aided 
by  the  continuation,  through  the  principle  of  heredityj 
of  such  new  developments  in  succeeding  individuals.  By 
the  more  or  leas  universal  repetition  of  such  procGBses 
along  diflerent  linos  of  development,  slow  structural  pro- 
gressions have  been  achieved;  and  with  them  have  arisen 
corresponding  developments  tif  function  in  the  direction  of 
Mental  and  Motor  Phenomena.  Just  as,  in  the  individual, 
the  appearance  of  new  strnetnre  and  the  occasional  mani* 
stations  of  new  function  have  been  coeval ;  so  the  '  in- 
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can  be  realized  without  an  accompanying  Int^illectuol 
Activity,  ntid  that  though  sueh  activity  ia  simple  and  rudi- 
meutaryf  in  tLe  case  af  simple  SeDBations,  it  becomes 
more  detiuito  and  complex  with  the  increasing  many- 
BidednesB  of  the  multiplying  Perceptions  of  higher 
animals.  He  vtill  then  dimly  see  bow  an  increase  of 
Sensorial  Activity  in  succtissiYe  gGneratious  of  animala 
necessarily  invt>lves  a  corresponding  increase  in  InBtinc- 
live  and  lutellectual  Activity,  associated,  as  we  shall  find, 
with  a  Rowing  wealth  of  Enootion  and  more  than  the 
germs  of  Volition,  He  will  then,  too»  be  able  better  to 
realize  the  full  significance  of  the  incroaning  development 
and  the  knitting  together  of  the  sensory  ganglia  which  at 
first  compos*^  the  Brain,  and  the  subsequent  appearance 
of  separate  organs,  the  Cerebral  Lobes,  iu  connection 
with  each  and  all  of  them,  in  whicb  the  various  substrata 
for  Sensory  Impressions  may  come  into  relation  with  one 
another,  and  in  which,  more  espGcially,  there  may  develop 
the  structural  corrolatiA-es  whose  activity  is  associated 
with  such  Perceptions,  Intellectual  Acta,  EmotiouB^  and 
Volitionsr  as  the  several  creatures  are  accustomed  to 
experience  or  manifc^st^ 

If  we  look,  therefore,  to  the  printiplea  of  'heredity' 
generally,  and  to  such  facta  as  have  been  disclosed  by  the 
observations  of  D.  A,  Spalding,  it  becomes  manifest  that 
the  dogma  of  the  schoolmen,  already  quoted^  supported  as 
it  was  by  GaBsendi,  Kobbes,  and  biter  still  by  Condillac, 
is  no  more  true  for  individual  animals  above  the  lower 
grades  than  it  is  for  man  himself.  Each  organism  does 
not  acquire  all  its  Knowledge  by  '  experience  ^  through  the 
avenues  of  Sense — each  inherits  a  complex  mechanism, 
already  attuned  during  the  lives  of  a  long  line  of  progeni- 
tors to  be  affected  in  certain  ways  and  to  act  in  certain 
modes.    When,  therefore,  the  phrase  or  dogma  *  mhil  est 
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tn  intdUdu  quod  non  prtus  fvent  in  senm '  was  being 
repeflted  some  two  cenlariea  ago  as  an  enibodiment  of  the 
reigning  pliiloaopbical  creed  concennng  the  '  Origin  of 
IdeaBj^  it  wbb  with  justice  that  Leibnitz  added — '  nini 
ijiteUectns  ijwe,'  if  we  take  this  latter  phrase,  as  we  may, 
in  accordance  with  Speiicer'a  luniinous  view,  to  represen 
the  possibiilties  of  intellecttial  afoction  and  action  be 
quejithed  to  an  organism  in  the  already  elaborated  nervous 
system  which  it  inhorite.  Within  this  nervoas  system 
lie  latent  the  creature's  '  forma  of  Intuition,'  or  *  forms  of 
Thought/  which  need  ouly  the  coming  of  appropriate 
Btimiili  to  rouse  them  into  harmonious  action.  It  ia  the 
fact  of  the  previoas  orderly  organization  of  the  Btrnctural 
correlatives  of  mental  processes,  n'hich  causes  some  degree 
of  those  modes  of  mental  affection,  known  to  ns  as  Feeling, 
Intellectnal  Action^  Emotion^  or  Tolition,  to  ba  eogen^ 
dered  eren  in  the  young  untaught  orf^enism  in  responsd 
to  suitable  stimuli. 

Thas  the  scTeral  mental  *  faculties  '  may  be  said  to  hare 
been  making  their  appearance^  and  gradually  becoming 
more  distinct,  during  the  whole  period  in  which  a  buUd- 
ing-up  and  organization  of  Nervous  Systems  has  been  in 
progress. 


CHAPTER  XUI. 


CONSOIOUSKESB  IK  LOWER  AKIMAL9, 

Some  of  the  commoD  lut  elenzeulary  Conscioua  States  of 
Men  bflTiog  been  principally  ccnaidered  iii  tLe  last  chap- 
ter, we  have  now  to  turn  our  attention  more  particularly 
to  such  Btates  in  lower  organisms  and  in  members  of  the 
BO-callcd  *  brute  creation/ 

At  some  stage  in  the  complication  of  the  nervous  actiona 
of  lower  organisms,  as  well  as  of  brutes  generally,  there  ia 
good  ground  fnr  inferring  that  the  in-going  molecular 
moTements,  which  traverse  nerve  fibres  and  thence  diffuse 
IhemBolTes  among  related  groups  of  nerve  cells,  give  riao 
(in  a  way  which  is  inexplicable)  to  what  we  know  and  have 
just  been  considering  as  Feeling  or  Sensation.  The  mere 
molecular  movements  and  changes  in  the  nerve  tissues — 
representing  '  irapressions  *  in  their  purely  physical  aspects 
^are  supposed  to  acquire,  engender,  or,  at  all  events, 
become  associated  with  certain  subjective  phases,  answer- 
ing to  what  wo  call  '  States  of  Consciousness,*  Though 
nothing  can  be  known  as  to  the  precise  manner  in  which 
these  supposed  Conscious  States  arise,  it  seems  to  many 
to  be  a  'legitimate  inference '  that  a  bond  of  kinship  must 
exist  between  them  and  the  molecular  movements  of  the 
fibres  and  cells  with  which,  as  commonly  admitted,  they 
are  in  some  manner  intimately  related. 

But  the  very  existence  in  lower  animals  of  any  conscioas 
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states  analogous  to  those  which  we  ouraelvea  experience,  is 
a  Tualter  ouly  of  warranted  infereDce,  A  word  or  two  in 
expliiiiation,  and  hy  way  of  comment,  will  make  the  trath 
of  this  statement  more  obviouB. 

All  States  of  Conscioosness  whatsoevor,  whether  thoy 
occur  under  the  frutseof  SensaLions,  Tboughts,  orKmotione, 
are  phenomena  which  each  of  us  knows  only  for  hinnself, 
and  m  existiug  in  himeelf*  I  see  around  me  fellow-beings 
who  behave  in  many  respects  like  myself,  and  from  the 
fact  of  ibis  similarity  of  behaviour,  as  well  aa  frona  what 
thoy  can  lelJ  me  (hy  articulate  speoch),  I  am  able,  legiti- 
mately, to  infer  that  these  other  beinj^^s  are  possessed  of 
Feelings  rery  siniilar  to  roy  own.  This  inference  (with 
or  withont  ft  fall  realization  of  its  grooods)  we  each  of  us 
make,  and  though  it  hua  been  iang  recogniKed  by  a  few^* 
it  should  be  more  generally  known  that  such  an  inference 
is  based  partly  (a)  upon  our  observationa  of  the  gtfstarea 
or  movements  of  our  fullow-men,  under  circumstances 
with  which  we 'are  ourselves  familiar;  and  partly  (h)  on 
our  appreciation  of  the  rcstiltg  of  special  classes  of  move- 
ments, by  which  Emotional  Cries,  Articulate  Speech,  or 
"Written  Cbarftctors  are  produced.  These  latter,  vocal  or 
gp'aphic,  results  of  sspeeial  movements,  are  only  interpret- 
able  after  prolonged  efforts,  during  which  we  learn  to 
recognize  the  several  Auditory  and  Yifiual  Symbols,  and 
aBHOciate  them  with  corresponding  ohjecta,  acta,  states, 
ideas,  and  their  relations. 

Though  the  concluffion  that  onr  fellow-beings  are  sentient 
croatiij-ea  like  onrselres,  capable  of  Feeling,  Thinking, 
Desiring  and  Willing,  conies  to  moat  of  ns  as  a  kind  of 
intuition  or  self-evident  truth,  not  re-cjuiring  any  proofs  it 
is  well  that  readers  should  know  on  what  grounds  the 

*  f5c«  Dr.  W-  AJipon,  nri  "Inatitiot,"  "Cyclop,  of  Anat  and 
rhysiol./"  vol-  iii.  p.  S7. 
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iiituition  retilly  reBta,  iu  order  that  they  may  ibe  more 
clearly  reco^^nize  the  only  means  tywliicb  it  is  possible  for 
us  to  form  a.n  opinion  as  to  the  existence  and  nature  of 
Conscious  States  in  the  various  classes  and  tribes  of  lower 
Animals, 

Of  course  the  information  obtained  by  us  throuffh 
Language  (wbetUer  spoken,  written,  or  printed)  as  to  the 
Feelings  andThonghts  of  our  fellow-raen,  is  overwhelmingly 
greater  and  more  oertaiu  than  that  derivable  in  other  ways. 
Bub  it  is  precisely  this  most  definite  source  of  knowledge 
of  which  we  are  deprived  in  the  case  of  the  lower  animuls. 
In  j*orae  of  thorn  we  find  only  a  more  or  less  yaguo  emo- 
tional or  gesture  langnage,  of  which  wg  have  examples  in 
the  cries,  chirpings,  or  songs  of  Birds,  and  in  the  sounds, 
facial  movementSj  and  more  general  actions  of  Dogs,  Apes, 
and  other  of  the  higher  animals.  But  wq  have  not  even 
so  much  as  this  to  reveal  the  nature  of  the  subjective 
state's  of  the  great  majoriLy  of  animals.* 

What  means  have  we  then  of  forming  &n  opinion  as  to 

THangh  we  are  not  abi«  to  understand  very  mticli  of  their 
language,  it  does  not  at  all  follow  that  aniumU  of  the  same  kind 
may  not  be  able  to  miike  tbeir  eniuticfnu.!  languiige  uiult;ratood  by 
one  anothpr,  Swain&Dii  sayn  ("*  Habits  and  Inslincta  of  Animala/' 
p,  62): — *'lSro  attuntiT^e  observer  can  hnve  watched  tbem  without 
having  perceived  the  mutual  recognition  of  each  other's  wanU 
ami  feeliogs,  which  is  implied  both  by  voic*,  hjok,  nnd  acUoQ,  In 
mutiy  cas€3^  however,  this  communicdtloii  i&  douhtl^sB  carried  on 
in  a  way  which  we  cannot  comprehend,  and  by  tones  which  wa 
are  at  a  loaa  to  interpret.  Bat  thouo  intonations  in  tho  voice, 
which  wu  may  not  he  able  to  catch,  are  perfectly  trndcr^itood  by 
the  animals  themselves.  It  is  well  known  that  the  ewe  and  her 
Iamb  cau  diatin^ui^h  each  other  even  in  tho  moat  numerous  Hock, 
and  that  when  Heparatei  for  a  time  and  again  turned  tociae  into 
the  field*  the  latter  inatutitiy  lecogniKca  the  well-known  voice  of 
its  dam,  and  sVips  joyfully  up  tu  her  the  iuataut  it  lieara  her 
bleaL" 
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thfl  Feelings  and  degrees  of  Intelligence  of  the  various 
repreGentatives  of  the  brute  crention  ?  Oar  own  experien 
ftnd  ivLat  we  believe  to  be  ibtit  of  other  humaa  beings,  bM 
to  be  lakeD  as  our  guide  and  standard  tLrougliont.  W'e 
muBt  watth  the  naovementB  of  auiraaU  under  particuljir  but 
varying  circumEtancGa,  in  order  to  judge  of  tlieir  different 
emotional  stntoSj  and  of  the  degree  of  reason  or  iuetinct 
gniding  their  actions.  But  in  the  case  of  multitudes  and 
multitudea  of  the  lower  org^anisms,  their  actions  give  us  no 
occaBion  for  inferring  the  existence  of  anything  so  complex 
as  Emotion,  Keat^on,  or  even  Instinct — it  becomes  a 
queslion  rather  as  to  whether  there  does,  or  does  not, 
exist  in  them  a  mere  vague  'sentience,'  such  as  might  be 
included  under  the  word  Con&ciousnesSj  in  the  ordinary 
acceptation  of  the  term* 

The  fact,  therefore^  that  this  method  of  inferential  in 
pretation  is  the  only  one  by  which  we  can  in  any  way  form 
an  opinion  as  to  tho>  Mental  States  of  the  Lower  A^nimals, 
necessarily  leaves  us  either  altogether,  or  very  much  in  the 
dark,  ae  regards  certain  important  questions  to  which 
refereuce  must  now  be  made. 

(1.)  We  are  wholly  unable  to  determine  what  degree 
complexity  the  Nervous  System  must  attain,  before  eien 
the  dimmest  and  moat  obscure  subjective  manifestations 
analogous  to  what  we  know  in  ourselves  as  Conaeiousnesa 
may  result  from  the  actions  taking  place  in  the  principal 
norve  centre  of  an  organism.  We  cannot,  to  take  an 
•tample,  at  all  definitely  decide  whether  any  of  the  nena 
actions  of  the  Oyster,  or  of  the  Earth-worm,  are,  or  are 
not,  attended  by  subjective  states  or  phases,  akin  even  lo 
t.  SuDsations,  ^ot  can  we  say  whether  any  such 
accompany  the  norve  actions  of  many 
iroseiiting  Nervous  Systcma  of  groaUir 
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The  higbcst  gtiDglion  of  an  animal,  or  that  in  whicli 
the  most  varied  impi'eseiona  nre  brought  iuto  relation  witk 
one  another,  is  the  part  in  conneclion  with  'U'hich  the 
phenomena  of  Consciousness  will  be  likely  first  to  become 
Oftscent — as  in  higher  animals  it  will  be  the  part  with  the 
tion  of  which  the  moat  vivid  Conscious  states  are  likely 
to  be  a*jsociated.  On  this  subject,  Herbert  Spencer 
Bays  There  cannot  be  co-ordination  of  many  stimuli 
without  some  ganglion  through  which  they  are  all  brought 
to  reb*tioii,  thia  ganglion  must  be  subject  to  the  influence 
of  each — must  undergo  many  changes*  And  the  quick 
Huccession  of  changes  in  a  ganglion,  implying  as  it  does 
rpetaal  experiences  of  differences  and  likenesses,  consti- 
tea  the  raw  material  of  Consciousness." 
The  aboye-mentioned  difficulty  in  ascoi'taining  when 
.niacionsness  begins  to  manifest  itself,  of  course  implies 
^  belief  that  Conscious  States  do  not  necessarily,  as 
some  have  suggested,  accompany  all  nerve  actions.  This, 
indecdj  m  a  truth  revealed  to  os  eveiy  day,  siego  multi- 
tudes of  nerve  actions  occur  in  ourselves  and  in  our  fellow- 
men  without  any  appreciable  subjective  accompaniment — 
and  it  would  be  absurd  to  say  we  are  *  conscious '  of  what 
^^ve  do  not  appreciate.  There  is,  as  previously  iudicatedj 
Hn  habitual  absence  of  sensation  or  feeling  of  any  kind 
^in  conjunction  with  many  reflex  and  other  nerve  actions. 
This  inference  as  to  tlie  absence  of  a  subjeclive  side 
with  many  nerve  actious,  is  allowed  by  nearly  all  physi- 
ologists to  be  strengthened  by  the  occurrence  of  '  reflex 
movements,'  foUowiug  uufelt  impressions,  in  persouB  with 
disease  of  the  spinal  cord — i.^.,  when  this  is  of  such  a 
kind  as  to  prevent  the  passage  of  nerve  cuiTL-nta  to  or 
om  the  brain.  A  similar  conclusion  has  aho  been  arrived 
by  many  from  a  study  of  the  results  of  e?^periments  witU 
•  "  Principles  of  Fsycholtigy,"  vol.  i.  p*  435. 
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Frogs  and  other  lower  animalsj  in  which  the  BpiBol  cord 
has  been  completely  cut  across  so  89  to  prevent  impr^ 
fiions  reaching  the  bi'aiu.  The  adverse  reasoning  of 
G,  H-  Lewes  and  others  would  prove  too  mtich.  It  wuald 
warrant  the  belief  that  all  nerve  ceiilres  are  seats  of 
CoDf^cioaa  Sensibility;  aud  the  acceptaDoe  of  this  view 
would  easily  lead  to  its  extension,  and  boob  make  i|i 
almost  impofifiible  to  deny  a  eimilar  attribute  to  tha 
leaves  of  the  Sun-dew  and  other  '  sensutive  *  plants— or» 
indeed,  to  atop  even  here.  Endless  confuBion  laight  tbaB 
bo  produced,  without  commensurate  gain, 

A  fa i rly  legitimate  couclufii on  iiaa,  therefore,  been 
drawn,  to  (he  efiect  that  not  only  do  many  nervo  actions 
oxiHt  v^hich  are  unaccompauiod  by  Conscions  Stiites  in  the 
ordinary  acceptation  of  the  term,  but  that  such  nerve 
actions  may  evoke  movements  which  are  just  as  Buitabto 
and  appropriate^  as  re&})onse3  to  the  several  antecadfiDl 
impressions,  as  if  the  muvemeuts  in  question  had  acioolly 
been  evoked  undor  conscious  guidance.  The  fact  that 
there  iB  au  apparent  *  iitncsfi  '  in  tlie  movement  which  is 
made  in  consequence  of^  snd  as  a  response  to,  a  stin^ulus, 
does  not  by  auy  means  alone  entitle  us  to  infer  that  the 
corresponding  impression  had  a  conscious  side^  or  waa  a 
real  Sensatioa.  It  may  have  been  the  case  or  may  not. 
At  all  events,  it  should  be  recollected  that  the  quality  of 
(linens  decidedly  characterizes  the  motor  responses  to 
many  ner\'e  actions  belonging  to  tlie  '  reflex  '  category,  as 
occurring  in  ourselves,  and  in  which  the  antecedisnt 
impression  has  certainly  not  been  attended  by  any  phaae 
of  Consciuuanesa,  Fitness  of  res[K>nse  seems^  indotid, 
as  was  pointed  oat  in  a  preceding  chapter,  to  ho  almoei 
a  matter  of  necessity  fi>r  ail  nerve  actions  which  have 
been  sufficiently  often  repeated — even  where  they  occur  in 
simple  organisms  possessing  only  the  most  rudimentary 
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nervous  sjstemB^  and  where,  therefore,  couscious  guidance 
may  have  been  absent  even  at  the  time  when  the  struc- 
tural correlatives  of  the  movDments  were  originally  or- 
ganized. 

Yet,  in  spite  of  the  acknowletlfjed  source  of  unceilainty 
in  regard  to  this  criterionj  it  must  be  confessed  that  we  are, 
to  a  great  extent  (for  want  of  any  better  guide),  diiven  to 
look  to  this  very  quality  of  '  fitness,'  in  reference  to  tho 
nature  of  actions  and  the  imprt^ssions  wbich  instigate 
them,  as  our  chief  though  very  uncertain  means  of  form- 
ing an  opinion  concerning  tLe  probable  presence,  amount, 
or  kind  of  ConBcions  Intelligence  in  animals  generally. 
We  have  to  look  eapeciully  to  the  range,  complexity,  and 
degree  of  adaptation  of  the  movements  to  varying  cir- 
cumRtances  and  to  unfamiliar  conditione ;  and  we  are 
accustomed,  in  addition^  to  look  to  the  degree  of  develop- 
ment of  the  Nervous  System  in  the  animals  under 
obflci-vatioD. 

(2.)  The  Bnrae  kind  of  difficulty  presenta  itself  in  an- 
other form,  with  regard  to  such  nnimals  as  Insects,  Cepha- 
lopoda, Fishes,  Eeptiles,  and  Birds.  These  organisms  aro 
60  high  in  the  scale  of  organisation,  as  to  leave  almost  no 
room  for  doubt  that  some  of  their  nerve  actions  are  attended 
by  ConBcions  States,  but  it  is  impossible  forna  deflnitely  to 
decide,  which  aro^  and  ^vhich  are  not,  so  endowed. 

Two  principal  difticulfcica  stare  us  in  the  face.  First 
there  is  the  necessiity  for  the  caution  on  which  we  have  last 
dwelt,  in  respect  to  drawing  conclusiona  from  tho  degree 
of  '  fitness'  noticeable  in  the  nature  of  the  response  ;  and 
second,  there  is  the  further  difficulty  that  our  own  experience 
can  only  be  taken  as  a  very  uncertain  guide.  Impressions 
of  certain  kinds,  which,  in  ourselves,  are  no  longer  attended 
by  ConBcious  States,  may,  neverlhelesSj  be  commonly  accom- 
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patiied  by  some  such  states  in  Cephalopoda  and  InseetSi 
even  in  lower  Yei-tebrats  forms.  This,  indeed/ fieems 
highly  probable,  judging  from  facta  furnished  by  our  own 
esperiGuce,  Each  ono  of  U8,  after  a  little  reflection,  will 
recall  the  fact  that  many  novel  impressions  or  muscular 
movemGnts,  at  first  associated  with  a  distinct  consciousness 
of  tbeip  performance^  iii*iy,  when  they  haye  been  often  re- 
peated and  rendered  facile  by  habit,  after  a  time  occur  with* 
out  arousing  any  kind  of  ConKciousneRS,  What  has  taken 
pkcs,  therefore,  during  our  own  individual  development, 
probably  has  been  occurring  also  to  a  much  wider  extent 
during  the  gradual  developniont  of  the  Nervous  System, 
through  tho  counileas  generations  of  Animals,  wbidi,  in 
past  ages  of  the  earth,  have  gradually  been  perfeciin 
their  relationB  with  the  sum  total  of  their  surroundings. 

It  may  thus  well  happen  that  impressions  which  in 
lower  animala  are  commonly  attended  by  Conficlonsness, 
gradually  become  in  other  higbcr  aoimala  (connected  with 
them  by  descent  and  the  bond  of  kiDship)  bo  btthitual 
that  they  no  longer  arouse  ConBciouBness.  It  seems  not 
unlikely  that  something  of  the  kind  mttyj  in  the  coursD 
of  long  ages  and  with  untold  generations  of  animal 
forms,  have  occurred  with  certaiu  of  the  most  habitnal 
and  least  varied  of  Yisceral  Impressions*  and  (though 
to  a  loss  extent)  with  other  improseionfl  emanatiug  from 
contracting  Mubcles  of  all  kind«* 

For  in  organisms  of  greater  Sensorial  and  correspond- 
ingly increased  Mental  Activity,  whose  higher  nerve  cen- 
tres,  by  reason  of  those  activities,  become  more  engroas- 
ingly  occupied  with  vivid  exlrinaio  impressions,  those  of 
an  habitual  charactor  which  emanate  from  mueelea  or 
other  internal  partB  would  probably  loss  and  lees  engagd 
the  animarfl  Attention  or  Consciousness.  The  customary 
iucitfitive  or  guiding  im[^re&8ion8  will  still  impinge  upon 
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higher  nerve  eentrea,  and  they  may  procure  the  continu- 
ance of  detiuite  niuaculat  movements  in  roaponsc  to  mere 
unconscious  nerve  ucLiouh  ;  although^  origiaaliy,  the 
occurrence  of  shuilar  roaponsos  could  only  have  been 
ensured  by  the  directive  and  constructive  influence  appor- 
lainiug  to  an  undivided  Attention  or  Consciousness. 

For  such  reasons  as  thesa  we  are  robbed  of  ail  definite 
grounds  for  anything  like  correct  inference^  aa  to  tho 
tlegiees  of  *  sentience  *  accompanying  the  different  nerve 
actions  of  the  coantless  hosta  of  lower  animals.  We 
hove  a  fair  warrant  for  inferring  that,  in  the  higher  Mam- 
mals, Feeling  is  an  appanage  of  the  action  of  the  same 
kinds  of  nerve  centres  as  saffice  to  evoke  it  in  ourselves — 
however  different  tho  FechugB  of  such  creatures  may  bo 
in  their  wealth  of  emotional  and  intellectual  accoinpaui- 
mentfi.  But  concerning  the  seats^  £0  to  speak,  of  the 
subjective  states  of  animals  lower  than  theso,  we  must 
neccBsariiy  remain  very  much  in  the  dark.  We  should, 
indeed,  find  it  difficult  to  disprove,  even  though  we  did 
not  believe,  the  doctrine  of  Descartes,  that  they  in  common 
with  otheTs  were  mere  unconscious  automata, 

(3.)  We  are  not  entitled  to  conclude  that  the  Sensations 
experienced  by  lower  animals,  through  the  intervention  of 
their  various  seaae-orgaus,  have  more  than  a  general 
resemblance  to  the  SenBations  which  we  experience,through 
the  pedium  of  what  appear  to  be  corresponding  organs. 

In  some  cases,  indeed^  we  cannot  decide  as  to  the  pre- 
cise kind  of  sense  endowment  which  pertains  to  an  o'rgan 
legitimately  regarded  aa  in  some  way  sensitive.  The 
impressions  which  the  Nudibranch  Mollusk  receives 
through  its  large  tentacleSt  or  that  the  Insect  receives 
through  its  antennm  in  addition  to  those  of  touch,  may  be 
principally  those  of  smell — or  they  may  be  eoraething 
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wholly  different.  Kirby  and  Speuce^  for  instance^  believe 
it  to  be  through  the  medinm  f>{  their  antenn©  thftt  many 
Insects  are  enabled  to  porcoivo  approaching  alterations  in 
the  weather.  Bees,  they  say,  seem  in  some  way  to  be- 
come aware  of  the  approach  of  a  shower,  and  hastily 
return  to  their  hives  in  time  to  escape  from  it,  when  we 
may  be  abb  to  perceive  no  indications  of  any  atmospberia 
change*  ^ 

But,  even  apart  from  this  possible  existence  of  unknowir 
modes  of  sentiency  in  some  of  the  lower  animals,  enor- 
moQB  differences  must  exist  in  regard  to  the  Perceptions 
derived  through  those  cbaniiels  of  sense  whit!h  are  mora 
or  iesH  amilofjons  to  our  own. 

The  actual  nature  and  complexity  of  the  Consetons 
and  Cognitive  States  roused  in  animals  by  external  objecta 
will,  necessarily,  be  influenced  by  two  principal  cauaea. 
Firsts  their  quiiUtative  nature  fwithin  the  sphere  of  each 
Bonse)  will  depend  upon  the  strnctaral  elaboration  of  tluft 
Beveral  sense-organs  and  of  their  related  norve-ganglia,  in 
difterent  animals.  While,  aacondly,  their  complexity  will 
also  be  larf^cly  dependent  upon  the  dec^ree  of  development 
of  the  higher  nerve-centres  as  a  whole,  because,  on  the 
occasion  of  any  impression  upon  an  organ  of  sense,  what  is 
actually  perceived  (i.e.  the  completeness  of  the  Perception) 
depends  principally  upon  the  degree  of  rapid  irradiation  of 
the  impresBion  to  other  parts  of  the  brain.  The  Percep- 
tions of  similar  objects  by  different  kinds  of  auimaU  will 
vary  extromely,  as  pointed  out  in  a  previous  chapter,  iu 
regard  to  the  number  and  complexity  of  thfir  components. 
And  these  variations,  as  the  reader  will  easily  nnderataud, 
must  iu  the  main  depend  upon  the  avenige  race-experi- 
ences and  Bonsorial  endowmputpt  generally  of  the  different 
kinds  of  animals,  in  their  aBeoeiatiouB  with  the  particular 
ohjocls  perceived. 
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The  mere  keenness,  or  discHtninaiive  refinement  of  the 
seyeral  sensory  endowments  in  different  animals,  is  aulvject 
to  great  variation — the  extremes  being  both  far  below  and 
fur  above  the  hnman  standard. 

TJjiis  the  Sight  impressiona  of  certain  Worms  and 
Molluaks,  obtained  even  at  their  betit  through  simple  ocelli, 
can  only  he  regarded  as  of  the  most  vague  and  general 
description,  and  probably  more  or  less  wanting  in  any 
Buch  accompaniment  as  conBtiinteB  the  consciouB  side  of 
our  own  visual  irapreseions.  But  how  different  is  this 
from  the  same  mode  of  sensorial  activity  in  Bifda.  In  a 
large  majority  of  them,  their  power  of  vision  seems  for  to 
transcend  that  of  man  or  other  suiraals,  both  in  regard  to 
range  and  keenness  of  discrimiaation.  Sight  ib  unquea- 
tionably  the  dominuting  sense  of  Birds. 

'*  A  hawk,*'  observes  Buffon,  "dnrmg  ita  aerial  BoarxMg,  will 
discern  a  krk  upon  a  clod  of  earth,  coloured  fllmoat  eiacUy  like 
it«eir.  at  twenty  times  the  diatance  at  which  a  man  or  a  dog  can 
pero^ive  it.  A  kite,  having  soared  to  an  ekvation  beyond  our 
ort^inciry  viaion,  can  dintiniriiiiih  lizards,  £o1d  mice,  and  etnull  bird^t 
and  eclect  thoj^e  upon  which  he  choosen  to  pounce." 

Again,  the  majority  of  invertebrate  animals  seem  to 
have  extremely  little  power  of  Hearing  or  diacriminating 
different  kinds  of  BOUJids,*  Thus  Sir  John  Lubbock 
eays,+ — 

*' Appronching  an  Ant  which  was  etandiDg  quietly*  I  have 
over  and  over  agiun  made  the  nio^t  Bhrill  noises  I  could — using  a 
p«nny  pipe,  a  doj^'Whistler  a  violin^  aa  well  as  the  most  piercing 
and  gturtling  BOtmds  I  euuld  produce  with  mjown  voice,  bnt  with- 
oat  eJfect,  At  the  sawo  time  I  would  by  no  means  infer  from  thie 
that  they  are  really  deaf,  though  it  certainly  seems  that  their 
range  of  eon  ads  h  rerj  different  from  onre.    We  know  that  certain 

•  Sefi  "  Nature."  1878.  pp.  540  and  m. 
f  •*  Journal  of  Lion.  8oc/'  (2ool.),  vol.  xiii,  p.  2il. 
10 
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allied  insecta  proJcice  a  nohe  hy  rubbing  one  oS  thidr  aUIominal 
rings  BgoiuBt  anotbcr.  LaodotB  h  of  opinion  thai  ants  also  make 
■ounda  in  the  same  way,  tbongh  these  soanda  are  inaudible  to  ni. 
Our  range  i^  however,  after  aH  very  limited,  and  the  univemQ  ii 
probably  full  of  sounds  which  we  ciinnot  perceive.  There  are, 
moreover,  in  the  antenna  ol  ants  ccrtntn  carious  orgnne  which 
may  be  of  an  auditory  chanicter*" 

Heariug  is,  houevor,  developed  in  Bome  leapeets  to  & 
degree  far  be^'ocd  our  own  in  birds  like  the  Owl,  as  well 
as  in  other  niglit-f1}erB4  According  to  SwatnsoD  also, 
the  "  8C11S0  of  liearing  in  many  quadrupeds  !s  particularly 
keen,  and  seems  to  be  given  more  especially  to  the  her- 
bivorous tribes :  tUua  the  Elk,  althoagh  not  remarkably 
swift,  is  enabled  to  avoid  its  enemies  by  an  unusual  keen- 
ness in  its  perception  of  Eounds,  The  same  delicacy  of 
hearing  is  well  known  to  be  possessed  by  the  Stag.'*  The 
aL'Utenoss  of  this  sense  in  the  Horsei  the  Seal,  and 
Porpoise,  is  also  said  to  be  very  remarkable. 

The  sense  of  Touch  in  different  animals  presents  a  wid 
range  of  variation  in  regard  to  its  delicacy  and  discrimi- 
nativD  accompaniments.  Though  alwaya^  to  some  extent^ 
a  possible  mode  of  sentiency,  it  does  not  rise  in  many  o' 
the  lower  organisms  very  much  beyond  the  level  of  that 
possessed  by  simple  protoplasm*  In  higher  animals, 
however,  it  is  far  diHercnt,  and  in  them  the  sense  becomes 
localized  in  some  particular  part  or  parts  of  the  bodj 
which  are  to  be  regarded  aa  the  special  tactile  organs. 

The  souse  of  Touch  is  not  distinctly  localized^  and  prob- 
ably not  very  keen  or  discriminative^  in  Fishes  or  BeplileSi 
though  in  Birds  it  becomes  at  once  more  developed  and 
more  localized, 

S^ainson  says,— *^  In  Urds  it  xb  probably  confined  to  the  feci 
and  bill.  ThiJt  ia  particobirly  apparent  iit  rapaciooA  birds,  which 
nae  their  feet  in  Beizing  and  retiiSuing  their  prey;  while  in  tlioee — 
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BXieh  ziB  dtieks,  itDipea,  and  woodcocka — T^liicb  pnBh  their  long  bilU 
iiito  the  mud,  the  point  of  the  maudiblo  is  not  otjly  cumparatively 
Boft,  bat  ia  often  ctivtrpd  with  a  \eiy  tbin  membmnoTia  ekia, 
ivUich  evidently  Implies  consitlerable  sensibility," 

lu  llie  mnjonty  of  Quadrupeds  tbis  sense  is  perhaps 
not  very  highly  developed,  though  as  in  birds  it  eeeraa 
to  be  principally  localized  in  the  paws  and  Hpfi.  There 
are,  however,  two  remarliable  exception  b.  The  trunk  of 
the  Elephant  is  evidently  endowed  with  a  very  keen  and 
discriiuinative  sense  of  touch,  and  is  to  some  extent  put 
to  the  eaine  kind  of  Tise  aa  the  four  hands  of  Qnadrumana, 
or  the  two  of  human  beings^  The  tactile  endowmciita  of 
all  these  parta,  however,  in  regard  to  mete  sensitiveness, 
ere  altogether  thrown  into  the  shade  by  the  second  excep- 
Uon  above  referred  to — viz-*  that  presented  by  tbe  inter- 
digital  membranes,  or  BO-called  wings  of  Bata»  and  by  the 
skin  over  tbeir  Iflrge  eiire.  Tho  sensitiveness  of  these 
parts  is  so  marvellous  that  it  can  take  the  place  of  sightj 
and  enables  Bats  to  avoid  even  the  most  delicate  obstaclea 
in  their  tortuous  and  rapid  flight.  As  SpftUanzani  first 
observed,  these  animals  will,  even  when  they  have  been 
blinded,  "  guide  themselves  through  the  most  winding  and 
complicated  passages  without  once  hitting  the  walls,  or 
striking  against  any  impediment  which  may  seem  to 
obstruct  their  progresH.'*  When  in  this  condition  they 
can  even  avoid  coming  into  coDlsion,  during  their  rapid 
gyrations,  with  threads  of  silk  which  have  been  purposely 
stretched  across  a  gallei-y  or  passage. 

The  three  senses  already  referred  to  constitute  tbe 
speeial  intellectual  senses  of  man — those  upon  which 
most  of  his  knowledge  of  the  external  warld  is  based. 
There  is,  however,  another  sensonal  endowment — the 
sense  of  Smell — which,  though  it  plays  a  veiy  inconsider- 


208  CONSCIOUSNESS  IN 

able  part  in  mmistenng  to  the  guidance  of  civUized  liTiiDao 
beinga,  is  of  tbe  very  greatest  importance  as  an  mtellectnal 
Berne  to  many  diflereut  kinds  of  lower  anmials^  and  is  fre- 
qaently,  like  other  aeusoml  endowmenU,  verj  keen  in 
some  of  the  less  civilized  hutQan  races.*  4 
In  such  crentnres  as  Worms,  and  in  tbe  majority  of 
MolluiskSf  it  seenj3  probable  that  tbe  sense  of  Smell  is 
either  absent  or  else  extremely  yague  and  indefinite* 
There  is  reason  to  believe  that  it  exists  in  GaBteropods^ 
in  the  vRrious  kinds  of  Cuttle-fish,  and  in  many  Cras- 
tacea*  In  some  Insects  a  keenly  developed  aenae  of 
Smell  appears  to  he  the  donainating  seuRe  endowincDt. 
Sir  John  Lnbbock  has  shown  that  the  most  iutellii^eDt  of 
Insects,  namely  the  social  Ants,  seem  incapable  of  appre- 
ciating sound  a,  and  that  they  make  comparatively  little 
use  of  their  small  eyes.  Their  leading  sense  is,  nnqnes- 
tionahly,  that  of  Smell.t  It  seems  to  'be  by  aid  of  this 
faculty  that  they  find  their  way  about,  and  follow  their 
multifarious  daily  avocations-  A  recent  writer,  speaking 
of  the  mode  in  wldch  Anta  follow  an  established  trail, 
Bays  J — 

"I  have  ejcperimenteii  with  tliis,  frequewtty  obHteratiag 
tteent  tor  a  fipn.ce  of  but  a  few  iDchefl,  and  Traicbitig'  liie  pazt 
wandcrere^  each  going  an  incli  or  lees  beyond  his  predeeesnon, 
Imtitingf  the  clac  nai'il  the  blank  wna  fitiallj  bridged  crvet. 
After  tliat,  if  the  new  route,  as  re-ojiened,  diffnered  from  the  old. 
It  was  aeTcrtbek'^s  rigidly  followed,  even  if  LoDger  and  lesa 
direct." 

Again,  as  evidence  that  Bees  and  Balterfliea  select 

•  In  r^gnrd  tn  tHia  \aiifr  BiibjMt,  many  very  interesting  fact* 
will  bo  found  recorded  in  Honse&iii'd  work  "  Lcs  Fuualt^s  MentaJ<^ 

ri,  vol.  i  pp-  of^s-t- 

••I.  t?uc.,"  vol-xiii.  (ZooJ.),  pp.  209,2U;  aod 
y7.  l  i^7S,  p.  283, 


CtfAP.  XIU.] 


LOWER  AKTMALS. 


200 


flow'ers,  which  ihvy  visit  by  means  of  Smell  rather  than 
Bight,  a  writer  says,* — 

*'  pftrticulikrly,  and  also  buttcrflie*,  vUit  a  distinct  variety, 
and  Torlhe  time  conliNe  their  attention  to  it,  settling  on  and  euclf^ 
iti^  the  hottpy  of  that  variety  otily;  ^.y.,  a  Lee  aettling  on  a  acarlet 
geranium  wil]  not  go  from  it  to  another  species  or  variety*  but 

give«  it4  attention  to  tlie  particiilar  variety  only  nevtr 

going  from  a  scarlet  geranium  to  another  acartet  fluwer,  even  if  in 
contact.  .  .  ,  .  ^  I  Dever  remarked  a  he^  go  from  a  lily  to 
amnryllid,  or  the  reverse/' 

^  W.  M.  Gahh,  writing  from  St,  Domingo,  with  regard  to 
the  Butterfly,  says,f — 

"Itlylndiifcn  aor^-antii  always  carried  with  them  a  feruiented 
paste  of  tnnwx*  flower,  which  they  mixed  with  water  to  the  coiiaiat* 
tfpcy  of  grud,  a  beverage.  On  our  arriving  at  the  side  of  a 
etream  in  a  uarrow  g^Xf^e^  invariably,  within  a  few  miuuteH  Jifter 
they  opened  a  paaka^  of  thia  paste,  although  there  nit^bt  not  have 
been  a  butterfly  in  sight  before,  those  :iiobt  hrinituit  of  their  kind 
wottlJ  cotae  BiiiHng  up,  alwaya  from  leeward,  and  I  have  made 
fiome  of  my  b^»t  catuht^H  ia  this  manner.  I  have  uUo  canght  th^m 
by  batting  with  a  piece  of  over-ripe  or  even  rotten  bana;na«  At 
other  titnua  they  were  almofit  unapproachable/' 

Again,  another  remarkable  fact  poiuta  to  a  similar 
keennoRS  of  the  fiense  of  Smell  in  Moths,t — "Collectors 
of  Lepidopteia  are  well  aware  that  if  a  virgin  female 
raolb  of  a  certain  epecies  ie  enclosed  in  a  box,  males  of 
the  8Rm6  species  will  make  their  appearance  from  dis- 
lanws  which  may  bo  rehttively  pronoiiQced  prodigious/' 

There  seems,  therefore,  good  reason  for  bolieviag  that 
the  fictions  of  many  Insects  are  largely  deitermiiicd  by  a 
fiubtk;  and  highly  diacriminative  aeuse  of  Smell,  which  in 

»  "Ntiture^  October  18. 1S77. 

t  "Jfature,"  Pehniary  7.  1878,  p.  282. 

J  "gaurttfriy  Review  of  Science/'  Oct.,  1877,  Art  "  Our  Sit^ 
footed  Eivals/'  See  also  "Nature/'  July  18»  1878,  pp.  302  and  3U« 


210 


CONSCIOUSNKSS  IN 


acutetie&a  may  perLapH  riyal,  if  it  does  not  exci^od,  tbat  of 
any  atlior  iinimal  whatsoever.  In  certain  InBcctswilb. 
euormoubly  devolopod  e^es,  however,  such  as  Dragonflies, 
Sight  also  Fccms  to  be  an  all-important  sense :  so  that 
Smell  and  Si;j^bt  may  bo  eaiil  specially  to  guide  the  action 
of  Insects,  though  not  equally  in  the  siime  Bpecioa. 

The  snnBe  of  Smell  in  FiRhes,  moreover,  seemB,  accor^ 
ing  to  Kirby,*  to  be  the  most  acute  of  all  tlietr  senses. 

Laccpede  Wiys : — "  It  may  he  called  tlieir  real  eye,  since  by 
they  am  discover  tlieir  prpy  or  tlu-ir  enemtoA  ut  an  iniiTi«'ti«e  di^ 
tance;  tbey  arc  directed  by  it  ia  the  tbiclieat  darkneaa.  and 
moat  a^itateii  waves.  The  organs  of  tliia  penae  are  between  the 
eyes.  Tlie  vsteiit  of  the  JDembrane  on  which  the  olfactory  nen'e4 
espiind  iti  a  slmrk  twenty- live  foet  lowg,  h  calculated  to  be  twelve 
or  thirteen  square  feet/' 

In  a  few  Birds,  such  as  Tultures  and  their  allies,  a  mar- 
Telkmsly  keen  sense  of  Smoll  was  for  a  long  time  snp- 
posed  to  exist,  though  the  observations  of  Darwin  and 
others  make  it  probable  that  this  aupposition  is  erroneous, 
and  that  the  facts  on  which  it  was  based  may  be  better 
explained  by  the  great  keenness  of  their  aense  of  Sight. 
Certainly  in  the  majority  of  Birds,  the  olfactory  seDsa 
Beenis  to  be  very  Bli*|htly  developed. 

An  extreraely  acute  sense  of  Smell  seeais,  however 
to  exist  with  many  wild  and  domestic  Quadrupeds,  A 
-welbknown  inBtance,  belonging  to  the  former  category,  it 
tbat  of  the  Deer. 

-A^nin  SwninRon  ivTites.f— "Tbe  scent  of  the  Americau  Bi^Q 
is  Aatd  to  bo  »o  keen  that  it  is  difflctilt  for  cither  men  or  doga  to 
gQl  neur  him,  excv\ttmg  on  his  leeward  iride;  whilo  the  Camel,  by 
the  jjerfecliou  of  the  aarofi  fltnae,  m  eaMed.  while  wandering  ovlt 

•  Kirhy'B  "  Tli«fc>ry,  Habits^  and  Inatiacta  of  Animals,"  vol.  ii* 
p.  278. 

*  1'  UjihilB  and  Inatincta  of  AnimulH/'  p.  49. 
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the  sanJy  and  parching  desorU  in  wliich  he  so  oflen  rangcB,  to  dis- 
cover the  vicinitj  of  water  at  the  Jistanco  of  a  Enile/'* 

The  keen  scent  of  tliB  Dog  m  detecting  and  tracking 
TfirioUB  kinds  of  gumej  &m\  also  in  following  Lis  master's 
footstepB,  even  in  the  midst  of  a  public  thorougUfarej  ia 
familiar  to  ulL  llit.n'e  is  reiisou  ta  Lelieve,  moreover,  that 
the  Dag  bahitually  puts  its  sense  of  Smell  to  uses  that  wo 
can  only  faintly  reahze.  A  good  instance  of  this  Rort  is 
"ted  by  Dr.  Hnggins,!  who  poast-sscs  a  son  of  a  celebrated 
Lglish  Mastiff,  niimed  Turk,  and  in  whom  he  speedily 
discovered  a  strange  antipathy  to  all  butchers,  and  dishke 
of  butchers*  shopa.  On  mukiut^  enquiry  of  the  onf,anaI 
owner  of  Tui'k,  Dr.  Hnggins  found  that  a  similur  anti- 
pathy existed  in  the  father,  and  in  the  griindfathcr  of  bis 
'*og',  as  well  as  in  other  sons  of  Turk,  by  different  mothers. 
Concerning  one  of  these  latter  dogs,  named  Paris,  this 
gentleman  communicated  some  most  interesting  fneta. 

He  says, — **  Paris  bos  the  greatest  antipathy,  as  he  woidd 
hardly  go  into  b.  street  where  a  hutcher'a  sliop  is,  and  would  run 
awny  afti:r  paaeing  it.  When  a  cart  with  a  but<^her*d  amn  cama 
into  the  place  where  tbe  dojjs  were  kept,  although  they  could  not 
«ee  bim,  they  all  were  ready  to  break  their  chains,  A  master- 
batcher,  dressed  privately,  callud  ooe  eveuinp  oa  Paria's  master  to 
*ee  the  dog.  Ho  had  hardly  entered  the  houae  before  the  do^f 
(though  fihut  in)  was  bo  much  ej;cited  that  he  bud  to  be  put  into 
a  shed,  aud  the  butcher  waa  furced  tu  leave  without  eeeiag  the  dog^ 

♦  II.  C.  Ndrmaa  writes, — "That  frogs  ate  enabled  to  know  wheu 
water  is  near,  and  that  they  are  iiialinctivdy  attracted  towards  it^ 
I  have  bad  abundant  mcune  of  certifyirt^  in  localitieB  where  thoro 
wa^  a  pond  on  the  other  side  of  a  paliu»'  or  a  walK  I  have 
found  frogs,  during  the  spawning  season,  in  nnmbirs,  close  af»ainst 
the  impeiUng  femce,  with  their  heads  towards  it;  and  when  I  threw 
them  over,  they  immediately  proceedtid  iu  the  diroctioa  of  the 
wat^r."— White's  "  Natural  History  of  Selbcrne  "  (Bohn's  edition), 
p.  1U7. 

f  "Jfatare/'  Febru^jry  13,  1878,  p,  2^1, 


212 


CONSCIOUSNESS 


The  8am B  dog,  ut  Has-tinga,  made  &  spring  at  a  gentlemaii  who 
catne  ioto  the  hi»teL  Tlie  owti«r  cadgiit  the  dog  and  ajxologised, 
and  said  he  ni^ver  knew  him  to  do  ao  befttre.  except  when  a  batcher 
came  to  h'uf  houBe.  The  gentlemun  at  once  eajd  that  wai  his 
bnaiuesiL" 

This  detection  of  butchers  at  ft  distance  and  out  ofii 
Biglit,  QB  well  as  wlion  disguised,  could  ouly  have  he<.'h{ 
brought  about  ihrough  the  dog's  highly  developed  senso 
of  SmoU,  enabling  it  to  dotcct  odours  which  miyht  wull 
bo  regarded  as  altogether  iuappreciable. 

In  rtjfercrce  to  a  suggeHtiou  made  hy  Mr.WatlacCj*  to  tho' 
efiect  that  animals  which  have  been  taken  to  a  ditiiajical 
shut  up  in  a  baBket,  or  aloDg  a  route  which  they  have  uolj 
poen,  may,  in  some  instances,  iind  thuir  way  borne  princi- 
pally through  the  intervention  of  their  highly  develinied 
Beuee  of  Smell  (a  suggestion  which  gave  rise  to  a  long  and 
Tery  iuterestiug  discussion),  Prof.  G,  Croom  Kobertfion 
writes  :f — **  Our  external  world  (whether  as  actually 
perceived  or  imaginatively  represented)  may  be  called  a 
world  of  sights  and  tenches,  blondcd  T^'ith  and  modifying 
each  other  iu  the  most  intimato  way,  »  ,  ,  .  .  All  other 
Bensationa,  as  of  hearing,  Hmell,  and  taste,  come  bcfora 
UB  only  discontinuouHly  and  intermittently,  not  boicig  had 
from  all  thingSj  nor  always  from  the  same  things.  But, 
m  a  dog's  experience,  touch  cannot  possibly  co-op6Tat6 
with  sight,  aa  it  regiilarly  does  in  ours.  The  organ  of 
edbctive  touch  in  man — touch  that  gets  associated  with 
Tision — IB,  in  the  lust  rgsort^  the  Imnd,  combining  mobility 
and  sensitiveness  in  the  highest  degree  ;  and  the  dog  has 
no  hand.  Its  mobile  limbs  are  not  sensitive  at  the  ex- 
tremities, and,  though  it  has  ficnsifive  lips*  those,  having 
no  Bucb  active  mobility  aa  the  human  hand  baa,  are 

•  "Nalnre,"  Feliruaiy  20, 1873,  p.  303. 
t  "Niiture,"  February  27, 1873,  p.  323, 
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extremely  limited  in  the  scope  of  their  appreliension.  Ita 
I    touch  heing  thus  defective,  what  is  there  then  in  the  dog 
1    to  play  second  to  sight— which  as  leader  needs  support, 
were  it  only  because  there  is  not  always  lif?ht  to  see  with  ? 
Smelly  I  cannot  but  think,  seeing  that,  ^hUst  Iho  organ  is 
iucont€stiih]j  acute,  it  has  the  great  advantage  over  the 
tactile  snrfaco  of  the  lips,  of  receiving  impressions  from 
things  alrL'adv  at  a  distance.    If  we  only  suppose — what 
the  facts  noiiko  very  likely — that  the  dog*a  smell  is  acute 
,    enough  to  have  some  sensation  from  all  bodies  without 
'    exception,  nothing  more  is  wanting  to  enable  a  psychologist 
I    to  understand  that  the  dog*s  world  may  be,  ia  the  main,  a 
world  of  Bights  and  smellii  continiions  in  space.*' 

Horses,  also,  would  seem  to  have  a  similarly  acute  sense 
I    of  Smell,  and  an  interesting  fact  is  cited  by  Mr.  Darwio 
which  apparently  illustrates  thta  point.    He  says,* — 

'*Maiiy  year*  ugo  I  was  on  a  mail-coach,  aud  &i  soon  as  we 
came  a  public  houae,  the  coachman  pnlled  up  for  a  fraction  of  a 
aecond.  He  did  90  when  ht  csime  to  n  second  ptiblic-honse,  and  I 
tbfiti  ikfiked  him  the  nasoti*  lie  iKiitited  to  the  off-hand  wheeler, 
and  said  that  had  h&^a  long  CDisplet«ly  blinds  and  shQ  would 
stop  nt  every  place  in  the  road  at  which  she  had  beroro  Btop^>ei 
He  had  fouisd  by  experteoce  that  lem  time  was  waBttd  by  pulling 
up  hia  team  than  bj  trying  to  dKve  her  piiat  tfie  place,  for  she  was 
coatenUd  wiUi  a  momentary  stop.  Aftor  this  I  watched  her,  and 
it  was  evident  &ho  knew  exactly,  bof^jre  the  coachman  began  to 
pall  op  the  other  horues,  everj  public-hoiiiiG  on  the  Toad»  for  she 
ha4,  at  some  time,  stopi^d  at  all.  I  tfainlc  there  can  be  little  don bt 
that  thia  maje  recognized  all  those  houses  by  her  acrnae  of  small." 

It  Beems  pretty  certain,  howevGr,  that  many  of  the 
actioim  of  lower  aniruals,  in  tinding  their  wiiy  to  distant 
places,  ciiTinot  be  explained  by  reference  to  any  of  the 
senses,  either  singly  or  in  combinuiion^  which  we  have  as 
yet  considered.  How,  for  instaucey  is  the  Dog,  the  Cat, 
»  -  Nature,"  Mareh  1^  1873,  p.  ^560. 
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or  the  Horse,  enabled  to  tind  its  way  borne  in  b  Bbort  spae« 
of  time,  tbrougli  a  previously  unknown  tract  of  couotry- 
ftnd  along  a  route  never  previously  traversed  in  any  way  ' 
How,  again,  ia  the  migratory  Bird  able  to  steer  ita  way 
across  the  Bca,  and  for  thousands  of  miles  back  to  the  sama 
chinjney,  house-top,  or  bush,  where  in  the  previous  spring 
it  had  built  ita  nest  and  reared  its  young  ?  We  are  com 
pellcd  to  assume  that  a  *Senae  of  Birection'  exists  in 
many  animals,  which  enables  them  wholly  to  tran 
the  range  of  other  senses. 

This  endowment  occurs  in  such  a  rudimentary  state 
the  miijority  of  humu-n  beings^  as  to  make  the  correspond- 
ing h]j»hly  developed  faculty  of  some  animals  appear  almost 
in  the  light  of  a  wholly  new  and  mysterious  Bouse  endow- 
meut. 

The  degree  to  which  the  rudiments  of  Bucb  an  endow 
ment  exist  amongst  curselvea,  varica  much  in  diflere&t 
individuals.  Some  dwellers  in  cities,  othcrviiaa  highly 
intelligent,  ai'e  almost  incapable  of  finding  theu' way  through 
intersecting  streets  to  a  nof.  very  distant  place,  whose  direc- 
tion was  known  at  the  time  of  starting ;  whilst  others, 
setting  out  with  a  correct  notion  of  the  relative  positioD  o 
the  place  they  wish  to  reach,  are  easily  able  to  find  il, 
even  though  they  may  have  to  pass  through  &  previously 
unknown  maze  of  turnings.  TMs  power  of  keeping  A 
'  known  direction  *  in  mind,  during  many  shiftings  of  direc- 
tion, exists,  however,  in  a  much  higher  degree  in  somo 
savage  or  semi-savage  races  of  men.  Thus,  according  to 
Darwin,  Von  Wrangel  has  recorded  the  truly  wonderful 
manner  in  which  the  natives  of  Northern  Siberia  are  able 
to  keep  a  true  course  towards  a  particular  spot,  whilst 
passing  for  a  long  distance  through  hummocky  ice,  with 
incessant  cUangea  of  direction,  and  with  no  guide  in  the 
heavens,  or  on  the  frozen  sea.'*    North  American  Indiana 
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sLow  a  similar  facility  in  fincliiig  tboir  way  through 
immense  moimtttinous  tracks,  so  tiiickly  wooded,  that 
'vision  can  only  penetrate  for  a  fow  yards  ahead ;  or  orer 
pathless  wastes  of  prairio  land,  where  a  dreary  samGiiesa 
m^rns  supreme.  On  this  aubject,  G-  C.  Merrill,  writing 
from  Kansas,  8(13*8  ;* — 

**i  have  learn e«l  from  the  ImntertJ  and  guides  who  vpond  their 
Hves  nn  tlic  plains  and  mountains  west  of  UB,  t!hat  no  matlor  hfivf 
far,  or  with  what  turns,  they  may  have  been  led,  in  chashig  tho 
bison  or  olher  game,  tliey,  00  their  roturu  to  camp,  alwaya  take  a 
straight  line.  In  explau&tiun,  Dmij  aay  that>  uuconBciouely  to 
tbeiueelvei,  they  have  kept  at!  the  turn  a  in  their  miad/'f  * 

The  excellence  of  this  faculty  in  Siberiana^  Indians,  and 
others,  whoso  dnily  mode  of  life  of  itself  famishes  strong 
motives  for  cultivating  it,  seems  to  show  that  practice  may 

»  "Kature/*  May  22,  1873,  p.  77. 

f  Referring  to  his  travels  in  the  Stale  of  Western  YirginiA,  Mr. 
Henry  FordiJ  ("  Nature/'  April  17, 187^,  p  '4^3}  writes  as  follows 
■*Iti9  said  tliat  even  tlic  most  txpericncud  hunters  of  tho  foreaU 
covered  mouiitaina  in  that  unsetiU-d  tn^ion  are  liable  to  a  kind  of 
fieiznre— that  they  *  lust-  their  lieftda  '  all  at  oiice*  and  become  con- 
vioced  that  they  are  gotng  in  quite  the  contrary  diri^ctiun  to  what 
thvy  had  intendi^d^  and  that  no  reasoning  nor  pointing  out  of  land- 
marlffl  by  tiieir  companions,  nor  observation  a  of  the  poeiUon  of  the 
Kan,  can  overcome  ihcir  feelingi  it  ie  acoompuaied  by  great  ner- 

I^vousneBa  and  a  general  sentie  of  dl'^may  and  *  up^jiit/  The  ncrvon^i- 
pesa  cornea  after  the  aeizare,  and  is  not  ihi}  cause  of  it.  This  is 
I  Vpolcen  of  by  the  natives  as  '  glutting  turned  round/  The  feehug 
^fcOEuetimee  ceaaes  suddenly,  or  it  may  wear  away  gradually." 
Colonel  Lodge,  in  hia  "  Hatitiiig  GrauiidH  of  the  Far  West»"  1870, 
speaks  of  the  yauie  kind  nf  feelinga  seiziug  upon^  and  occafsionally 
detiioralizing,  old  and  experienced  prairie  traveUors.  Indian  ohiefs 
all  coucurrtjd  in  assuring  G.  Catlin  Life  amongst  the  Indiiinii,*' 
p.  96)  that  "whenever  a  man  ia  loat  on  the  prairicfi,  he  travels  in 
A  circle,  and  also  that  he  invariably  turns  to  the  left;  of  which 
fiingular  fact,"  the  author  aJJs,  "  1  have  become  doubly  convinced 
by  subacfiacnt  proofs." 
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make  perfect  in  ilils  bb  in  other  respects ;  while  the 
common  want^  or  tlie  exiatencG  of  the  mere  germs  of  such 
a  faculty^  among  dwolIerB  in  cities,  loading,  aa  they  do, 
an  artificial  and  wholly  different  kind  of  life,  wonld  seem  to 
suggest  that  with  them  it  is  a  faculty  which  has  lapsed 
through  mere  disaae. 

But  the  peculiarity  in  rc^gard  to  many  animals  is,  that 
they  seem  able  to  preserve,  in  some  marvellous  manner, 
this  initial  knowledge  of  direction,  utidor  circumstancea 
iu  which  Buch  powers  as  Siberians  or  North  American 
Indians  possess,  would  eeem  likely  to  be  of  little  avail.  A 
very  suf^gestivo  stoij  iu  reference  to  this  kind  of  potency 
in  the  Horse,  has  been  narrated  by  Mr.  Dai'win.  He 
says :* — 

**  I  Bent  &  riding-horse,  by  railway,  from  Kent,  vui  YarmoQth. 
to  FreBhwat«r  Bay»  in  iha  Isle  of  Wight.  On  the  first  day  that  I 
rode  eastward,  mj  horse,  when  I  turned  to  go  home,  waa  TWf 
unwillitig  to  return  towards  liia  stable,  and  he  pevpral  lime^  ttimtd. 
round*  T\m  k-d  me  to  make  repeated  trials,  and  every  time  that 
I  Blackened  the  reins,  h^  turned  &hnf]>!y  round  and  began  to  tr»«t 
to  the  eautward.  by  a  little  north,  which  wae  nearly  in  ibe  direotina 
of  hb  house  in  Kent.  I  had  ridden  this  hoiaa  daily  for  Beveml 
years,  and  he  had  never  before  behaved  in  ihh  manner.  lUifim- 
presBton  ih<U  he  sornehmo  hnmff  the  dircciion  whvurfi  hftd 

been  brouffht,  I  ehonld  etate  that  the  last  stage  from  Yarmouth 
[Isle  c^f  Wight]  to  Frefihwo-tiT  is  altnoet  due  Sonth,  and  along  thi« 
road  he  had  bt^en  ridden  by  my  grtiom;  bnt  he  never  once  fehowinl' 
any  wbh  to  reltirn  in  this  direction*  I  hud  purchased  thi«  hnr«*p 
upvcral  yenra  before,  from  a  gentleman  in  my  own  tiei^hlifvnrhoodj 
Vfho  had  pnsfleasfjd  him  for  a  considerable  time." 

This  story  is  valnable  and  instructive,  but  as  a  mora 
complete  instance  of  ft  power  there  only  indicated,  one  of 
the  maiiy  examples  recorded  by  A.  W,  Howitt  of  Gipps- 
laud  may  be  quoted*     Htt  says:!— 

*  "  mtaTe,"  March  13.  1873.  p.  Sfio. 
t  "  Nuttja,te;*  Aiipiflt  21, 1873,  p.  323, 
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"Mr.  Mackintosb,  of  Diirgo,  (nForras  me  thnt  obont  two  yeara 
ago,  when  gutberiiig  wild  catOu  an  the  Avon  River,  bo  got  away 
from  his  men  down  that  river  for  tn-Aviy  m'tlm  before  he  ascertained 
that  he  was  afjtmy.  Finding  then  that  his  horse  [leratated  in  going 
in  a  certain  direction^  he  ii^ave  him  his  head«  and  Ihe  horee  went  in. 
a  straight  line  to  the  plum  nhpre  the  camp  wa8  fired,  a  diatanoe  of 
■ome  tun  mde&j  through  a  scrubby  country,  and  without  a  truck/' 

Am  another  t^'piciil  itistatice  of  tills  kind  of  power  in  a 
Dog,  eicrctsed,  moreover,  after  a  long  intcrviil,  the  foUow- 
iDg  occiirrcnco  may  be  ciU'il 

**  A  honnfl  wan  sent  hy  Charbs  Cobbe,  E9f|.,  from  TTewbridjjei 
county  Dubiin,  to  Moyiiallyj  county  Meath,  and  thoncPf  long  after- 
wards,  eonveyi^d  to  Dublin.  Tlie  hound  broke  loose  in  Dublin,  and 
tht^  aame  raorniiig  ini±de  hts  way  back  to  his  old  kennel  at  New- 
briJg^,  tbna  complutmp  the  third  (side  of  a  triangle  by  a  road  he 
bad  never  travelled  in  hia  life," 

Powers  atiiD  to  this  displayed  hy  the  Horse  and  the 
Dog  seem  possessed  in  considerable  perfection  by  many 
other  kinds  of  animah,  among  which,  in  ascending 
order,  tnay  be  meutioned  Insects,  Crabs,  Mif;ratory  Fishes 
and  Birds,  some  Reptiles  as  well  aa  such  Quadrupeds  as 
the  Cat^  the  Sheep,  the  Ass,  and  probably  many  others.! 

A  vei-y  remarkable  and  well-attested  example  of  such 
an  endowment  in  this  latter  animal  has  been  cited  hy 
Kirby  and  SpeneeJ — 

'*  In  March,  1810,  an  aas,  tKp  property  of  Captain  "DuntlaR,  R  N.t 
then  at  Mnltii,  was  shi|iped  on  board  the  lutar  fnga.i^,  Civptain 
Foreet,  bound  from  (iibraltar  for  that  island.  The  veaael  having 
itrtick  on  somo  Bands  off  the  Pi>int  de  GitU  at  Bome  distance  from 
thtf  BihorVt  the  af?8  was  thrown  overboard  to  give  it  a  chance  of 
MiArimiuiag  to  land — a  poor  one,  for  the  sea  was  mnmug  so  Ingh 

»  "  Quarterly  Heview,"  October.  1S72. 

f  For  recorded  instances^  see  *'  Nature!,"  yob  Tii. 

X  "  Introd,  to  Entomolngy,"  seventh  ed.  1860,  p.  5:^2. 
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that  a  boat  which  left  the  abip  was  loat.  A.  few  duyg  afterward^ 
howeverf  when  the  gates  of  Gibraltar  were  opL^ned  iu  the  morningi 
the  asa  presented  biroaelf  for  admittance,  and  proceeded  to  tha 
etable  of  Mr.  Weelies,  a  merchantj  which  he  Wd  formtiriy  occupied, 
to  the  no  «maU  surprise  of  ibis  gemtiemaiir  who  imiigincd  that 
from  sontfl  accident  the  atiimni  bad  never  been  shipped  va  bo»rd 
the  Inter.  On  tlie  return  of  this  vessel  to  repair,  the  mystery  was 
exidiiiuedi  and  it  turned  out  that  Valiante  (so  Iho  ass  was  t-alltj) 
Imd  Got  only  Bwum  safely  to  abore^  but^  without  guide,  compaKs,  or 
travelling  map,  had  found  \m  way  from  Point  de  Oal  to  Gibraltar, 
a  distance  oi  more  than  two  hntidped  miltae*  which  he  bad  nerer 
traversed  before^  through  a  mountainouB  and  intricate  conntry, 
ititerHectcd  by  utreams,  and  in  bo  short  a  period  that  be  could  cot 
Imve  made  one  false  turn.  Hia  not  having  been  stopped  on  ihm 
to^d  was  attributed  to  the  circunifitance  of  bia  having  been  for- 
merly used  to  whip  criminala  npon,  which  was  indlc^itfd  to  the 
ptasants,  who  have  a  atiperstitions  horror  of  auch  aaBea,  by  t 
bolt'9  in  his  enra*  to  which  the  persone  flogged  were  tied.'* 

In  coiiai<icratioa  of  the  existence  of  facts  of  this  kind,  i 
is  contended  that  we  cannot  possibly  accoiiut  for  them  by 
any  conceivable  extension  of  the  senses  of  Smell  and 
Sight;  and  that  we  must  suppose  animals  generally^ 
though  unequally,  to  be  eudovved  with  a  peculiar  sense 
ubereby  they  aro  enabled  to  retain,  in  the  midst  of  all 
their  wanderings,  &.  constant  perception  or  *  sense  of  direc- 
tion '  of  places  from  which  they  have  been  removed  and 
with  w*hich  they  have  become  intimately  associated. 

Quite  recently,  too,  an  announcement  has  been  made  hj 
M.  E.  Cyon,*  which  w^Ul  doubtless,  sooner  or  Uter,  throil^ 
much  light  upon  the  queation  of  the  Organ  and  Nerve  Cen- 
tres, having  to  do  with  this  assumed  '  sense  of  Direction  * 
which  seems  to  exists  though  very  unequally,  in  ^lan  and 
HQ  many  of  the  lower  animals. 

M.  Cyon*s  researcheB  Lave  led  him  to  announce  the 
exiBtencfl  of  a  more  or  less  independent  Organ  of  Sen 

*    Uoinp.  Rend./*  3l«l  December,  1877* 
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(previously  jegarded  as  one  of  ilie  parts  of  th.Q  orgati  of 
Hearing,  of  great  physiological  importance,  wLich  he  desig- 
nates the  '  BCDSG  of  Space/  Some  of  his  conclusions  or 
this  sulvject  are  as  follows  ; — 

The  Semi-circular  Canals  are  the  penpheral  organs  of 
the  sense  of  Space,  that  is  to  &ay,  thq^imprcssiana  pj-oduced 
by  the  excitation  of  the  nerve  expaneiuns  in  tho  ampuHie 
of  these  canals  seem  to  form  our  notions  gf  the  three 
dimensions  of  space.  The  improBsionB  &om  each  canal 
correspond  to  one  of  these  dimensions," 

"The  physiological  excitation  of  the  peripheno  termi- 
natioQs  belonging  to  the  organ  of  the  sense  of  Space  occurs 
probtib3y  in  a  mecliauical  mannerj  by  means  of  the  otohtha 
which  exist  in  the  ampullre.  These  otoliths  will  be  thrown 
into  vibration  by  every  active  or  passivG*moYement  of  the 
head,  and,  perhaps,  also  by  the  atmospheric  waves  whose 
Diovemeuts  the  tympanic  menibmne  trausnjits  to  the  Uquid 
which  fills  the  system  of  semi-circular  canals/' 

**  The  eighth  pair  of  cerebral  nerves  thus  contains  two 
nerves  of  sense  altogether  distinct — the  Auditory  Nerve 
and  the  Space  Nerve  (Raumnerv)/'* 

•  All  that  pertains  Ui  thia  diflicuH  atibjcct  le  Btill  IQ  its  infancy. 
Since  the  above  was  m  type  two  articles  have  been  pnbliahed  (Hi 
tim  r|QeBtion  in  this  coimtry,  ivhich*  in  addition  to  exjKisitton  and 
criticiami  contain  refen^ncea  to  the  literature  of  tho  subject.  Tlie 
one,  by  Dr.  Crum  Brown,  is  in  "Nature"  for  October,  1873; 
and  the  other,  by  Prof.  Orooin  Eobertsou,  in  "Mind,"  Oct*.iber, 
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We  m&y,  without  mncb.  difficulty,  convince  onrselres  that 
ccrtuiu  muscular  actions  are  baLitually  going  on  H-itiuo 
our  bodies  in  a  more  or  lesB  eontinnoas  faahion,  indepen- 
dently of  Will,  and  even  without  arousing  our  Conecioufl' 
ness.  To  this  cl^ss  belong  the  movementa  of  the  Heart, 
Again,  we  may  learn  that  other  internal  muscular  actionB, 
equally  independent  of  Will  aud  free  from  consciotis 
accompAuimeut,  take  place  in  a  distinctly  intermittent j 
fashion.  To  this  class  belong  those  contractions  of  tbd 
Stomaeb  aud  Intestines  which  occur  during  the  digestion 
and  a^^slniitution  of  food.  Again,  we  may  learn  that  sUll 
Other  internal  coutructions — such  as  those  cunccTDed  m 
ovipositiun  or  in  the  birth  of  young— recur  at  much  longer 
intervals,  though  they  are  similarly  independent  of  Will 
and  uiiin8ti<^ated  by  conscious  imprcsmous. 

Other  and  wider  muscular  actions,  partly  internal  and 
partly  external,  also  take  place  in  a  rhythmical  manner  la 
relation  with  systemic  conditions.  The  motions  of  the  diji- 
phragm  and  of  the  thoracic  and  abdominal  walls,  in  oon- 
nectbn  with  Respiration »  belong  to  this  category,  Tlieso 
movements,  though  in  the  main  independent  of  Will,  are 
capable  of  being  very  considerably  modified  thereby;  aud 
while  they  are  moat  frequently  unheeded,  they  have  arery 
recognisable  accompaniment  of  feeling  when  attention  is 
distinctly  turned  to  them. 
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Actions  wlik'h  take  place  indojK'iidently  of  Will  as  an 
instigator  and  with  machine -like  rcf^laritj,  are,  as  the 
reader  is  now  aware,  known  to  phj-siolofjiats  as  'reflex  *  or 
'  uEtomattc'  actions.  All  the  aots  above  mentioned  belong 
to  this  cfltegoty,  and  these  particular  examples  are  further 
characterized  hy  the  f&ct  that  the  impressions  which  incite 
them  are  altagether  uufelt.  They  are  reaults,  that  is,  of 
unconscious  impi-esstons.  Many  other  automatic  actions^ 
however,  exist — sncczinp  and  coughing  being  examples — 
in  which  this  latter  peculiarity  is  wanting. 

But  why,  it  may  bo  asked,  arc  the  actions  above  speci- 
fied pcrfurmed  with  such  nndeviating  regularity,  and  at 
the  infitirjfttiou  of  mere  unconscious  imprcs5?ionH '? 

During  the  untold  aj^'es,  in  which  or^'anisms  huveexiated 
with  food-taking  pix)pensitiea  and  alimentary  cauala,  con- 
tractions of  tho  Intestine  have  been  ensuing  at  short 
intervalB,  in  rcapouse  to  the  EttimaLuB  supplied  by  food- 
Since  coutmctile  Hearts  were  first  evolved,  they  have  never 
ceased  to  beat  in  the  tineiil  dencendants  of  inconcoLVably 
nnmerous  generations  of  slowly  oQodtfying  animal  types. 
The  contractions  of  Oviducts  or  of  the  Womb,  as  well  as 
the  movements  concerned  in  Respiration,  also  had  their 
beginnings  in  forms  of  life  whose  advent  is  now  buried  in 
the  immeasurable  past. 

Let  us^  however,  placo  side  by  side  with  these  consider- 
ations, the  well-known  fact  that  one  of  tho  essential 
peculiarities  of  nervous  action  is,  th&t  movements  which 
are  at  firat  executed  slowly  and  irregularly,  may,  after 
numerous  repetitions,  become  rapid  and  regular — moro 
especially  if  on  successive  occasions  the  stimuli  are  similurp 
and  nothing  intervenes  to  alter  tho  manner  in  which 
the  recurring  acts  are  performed.  It  need  not,  therefore, 
fiurprise  ns — especially  aft^r  what  we  have  learned  as  to 
the  genesis  of  *  reflex*  actions— to  find  that  the  oontrac- 
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lions  of  TiBOGra  take  place  automaticnlly,  and  even  in 
respoDso  to  unfelt  impressions. 

But  DOM*  let  uB  glance  at  other  Incidents  in  assodati 
with  these  visceral  iniprossiona  and  actions^ 

No  *  neeila  *  or  *  ftppctites  *  exist  in  connection  with  lb« 
action  of  tLe  Hearty  for  the  very  simple  reason  that  its 
BtimnluB  is  always  at  hand,  and,  in  the  form  of  arterial  or 
venous  blood,  actually  flows  into  the  several  cardiac  cbain- 
bers,  after  each  couti'oction.  It  is  a  little  difl'erent  with 
regard  to  the  Respiratory  Organs*  A^rateJ  water  or  pure 
air  doea  not  always  Burronnd  the  organism ;  audi  as  a 
conaeqiience  of  this  occasional  absence  of  tho  proper  Btiinu- 
lua,  it  is  found  that  under  such  unnatural  conditions  & 
*  respiratory  need/  or  want,  is  felt.  Owing,  however,  to 
this  being  a  want  of  accidental^  rather  than  of  regular, 
occurrtmeOi  it  never  attaina  the  more  definite  and  more 
regularly-recurrent  character  of  an  '  appetite,' 

How  different  in  it  with  the  Alimentary  Canal.  Its  par- 
ticular stimulus  ia  not  ever  present  like  that  of  the  he-art, 
or  only  occaBionally  ahBent,  &&  with  that  of  the  respimtoir 
orgjxiia ;  it  mostly  has  to  be  sooght.  Henco  it  is  that 
the  habitually  recurring  need  reveals  itself  aa  &  dafi- 
nitdy  returning  appetite  for  food.  Much  the- aame  kind 
of  origin  ia  to  he  aBcribed  to  the  sexual  appetite^  escept 
that  it  is  one  which,  in  organisms  generally,  recurs  at 
more  or  lesa  distant  intenala.  Just  as  hunger^  however, 
depends,  almost  wholly,  npon  impressiona  coming  from 
the  alimentary  canal,  so  does  the  Bcxual  appetite  depend, 
in  the  main,  upon  particular  states  of  certain  Oenerativ^a 
Organs, 

Any  one,  who  carefully  ntudiea  the  acts  of  lower  auimuls, 
will  readily  recognize  how  very  large  a  proportion  of  them 
are^  either  immediately  or  remotely,  instigated  by  one  or 
otlier  of  these  visceral  needs  or  '  appetites/ 
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The  jnoJe  in  wluch  statics  of  viscera  opernte  in  deter* 
mining  nu  organism's  activities  is  not  difficult  to  under- 
stated. It  I1A8  been  previously  pointed  out  that  the 
Stomach  ia  alwava  in  direct  conimiinicatioii  with  tlie  Brain, 
and  that  the  Gouorntive  Orgftiis  n.re  also,  either  directlj  or 
indirectly^  in  close  canneclion  therewith.  Impressions, 
therefore,  may  emanate  from  eitlier  of  these  organs,  which 
habitually  pasa  on  to  the  principal  nervous  centres,  and 
tliere  come  into  some  kind  of  relation  with  one  or  more 
of  the  special  sense-centres,  whose  activity  they  serve  to 
}ie]ght^u.  That  there  is  an  intimate  correlation  between 
Tiaceral  needs  and  sensorial  activity  cannot  he  denied. 
An  appetite  for  foml,  or  a  desire  to  find  a  mate,  commonly 
sufBcea  to  call  certain  sense-centiea  into  u  state  of  keen 
receptivity  to  impressions,  and  thus  affords  conGcious 
intelligence  an  opportunity  to  come  into  play  for  the  im- 
mediate g-uidance  of  the  onimnj  in  its  search  for  what  it 
needs,  and  iu  its  e:Kecution  of  all  thoao  acts  to  which  it  ia 
prompted  for  the  gratification  of  this  or  that  appetite. 

From  what  has  been  previously  said,  it  wilt  be  Been  to 
be  almost  fin  inevitable  necessity  that  all  acts  which  are 
immediately  responbive  to  Tisceral  needs,  as  well  us  all 
which  daily  and  habitually  suceced  some  recurring  imprei$* 
sion^  should  be  the  most  deeply  automatic  in  nature.  The 
mode  in  which  the  roprcsentativcB  of  each  kind  of  organism 
Beim  and  swallow  their  food,  Bliould,  for  instance,  like  the 
action  of  the  risccra,  be  more  or  leas  common  to  the  i^hole  of 
them,  and  performed  with  machine-like  regularity.  And  so 
with  other  actions  which  have,  during  succeeding  ages,  been 
taking  place  in  response  to  particular  Bcnsorialimpressious 
throughout  the  lives  of  untold  generations  of  animals. 

It  would  follow,  therefore,  for  the  same  reason,  that  if, 
with  any  organisms,  the  acts  more  remoieltf  pix>mpted  by 
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vf&ceral  needs  are  performed  amidst  practically  uniform 
conditions,  that  these  acts  would  also  tend  to  exhibit  some 
dcgi-ee  of  the  same  uDiformity— whether  they  are  connected 
with  search  after  or  storing  of  food,  with  capture  of  prey 
with  sexual  dalliance,  or  with  the  deposition  or  care  of 
eggs  or  young.  The  nerve  tissues  baying  to  do  with 
any  mised  aeries  of  hahitually  recurring  impressions  and 
actions,  would,  in  the  course  of  ages,  come  to  be  so  organi- 
,  cally  knit  together  as  to  permit  of  the  manifestation  of 
a  machine-like  regularity  of  habit,  approximating  to  that 
"ft'hich  is  observed  in  the  performance  of  the  simpler  acid 
more  immediately  dependent  upon  visceral  stimuli* 

The  possibility  of  exeeutiug  any  siDjple  InBtinctive  Act8« 
and  Htill  more  those  which  constitute  a  complex  aeries,  can 
only  have  been  built  up  and  definitely  organized  aft^r  soc- 
cessive  generations  of  animals  have  been  habitually  Bab>4 
jeeted  to  the  impressions  to  which  the  nets  are  related,  and 
after  such  impressions  have,  at  last,  invariably  led  to  tha 
particular  motor  results  in  question.    We  owe  the  firsi 
distinct  enuDriiition  of  this  light-giving  uutiou  to  Herbert 
Spencer.    He  says  :* — **  Let  it  be  granted  that  the  inorft 
frequently  psychical  states  occur  in  a  certain  order,  tU« 
stronger  hecomos  their  tendency  to  cohere  in  that  ordeT, 
until  they  at  last  become  inseparable;  lot  it  be  granted  that 
this  tendency  ih^  in  however  slight  a  degree,  inherited,  so 
that  if  the  experiences  remain  the  same,  each  successi' 
generation  bequeaths  a  aomewhat  increased  tendency  ;  an 
it  follows  that}  in  cases  like  the  one  described,  there  mn 
evfutualJy  result  tin  automatic  connection  of  nervous 
octioiiN,  eorre&p4>ndiiig  to  the  estt?tnal  rdiilJons  pei-petually 
rxf>orieDced.    Similarly,  if  from  some  eluinge  in 

of  any  species,  its  members  are  frequentl 
tact  with  a  relation  having  terms  a  little 
ipic*  of  t*»«ycholijgy»-  vol.  i.  p.  439, 
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more  involved  :  if  the  organiKfttion  of  the  species  is  bo  ftir 
dt'veloped  as  to  be  impressible  hy  these  terma  in  close 
BuecessioD  ;  then,  an  inner  reliiLion  correspooding  to  thia 
new  outer  rc*lfttit>n  will  giiidimlly  he  formed,  and  will, 
in  the  end,  become  orgjiuic.  And  so  on  io  subsequent 
Bta^es  of  progress." 

This  clustering  tof^ether  and  mutual  dependence  of  the 
Ol■t^anic  representtttives  of  certain  impreasiona  and  acta, 
nii^'ht  be  expected  to  take  place  more  eBpecially  in  con- 
nection with  an  animars  search  after,  capture  and  dis- 
poBttl  of,  fiH^d;  with  the  construction  of  their  habitutions, 
or  the  seeking  out  of  phicea  of  shelter  ;  also,  in  reference 
to  the  successive  incidents  of  their  amours,  to  the  bopt 
disposal  of  their  ef^ga  (with  possible  migrations  to  effeiit 
this  object),  or  to  the  pro^Hir  care  of  their  voung  till  they 
are  capable  of  looking  after  themselves.  This,  however^ 
covers  the  ground  of  most  of  the  ao-called  Instincts, 
which,  aa  H.  Spencer  aays,  are  to  be  regarded  as  "  or* 
ganissed  and  inherited  habits''  of  a  more  or  less  intricate 
character. 

In  all  the  more  complex  Instinctive  Acts,  we  have  in 
fact  to  do  with  a  more  or  leas  prolonged  Beries  of  imprea- 
sions  and  interpolated  muscular  movements  associated 
very  closely,  and  following  one  another  with  a  regularity 
only  a  little  less  marked  than  that  which  characterizes 
the  KequencG  of  impressions  and  movements  in  those 
•  reflex  acts '  described  in  a  previous  chapter.  Instiucts 
are  therefore  very  correctly  regarded  as  serial  aggregutiona 
of  such  reflex  acts,  and  accordingly  they  have  also  been 
named  by  Herbert  Spencer  '  compound  reflei  actions.' 

Although  each  of  the  component  acts  may  (like  reflex 
acts  in  general)  present  purposive  characters,  aud^  though 
they  may  be  all  combined  so  as  to  lead  to  a  detintte 
end,  there  is  no  reason  for  believing  that  such  '  emh  '  are, 
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of  necessity,  previously  realized  or  imafrined  by  tbe  crea- 
ture performing  the  nets,  any  more  than  the  Leadlose 
frog  realizes  the  *  entl '  of  movements  which  seem  to  ua 
to  be  distinctly  puiposive.  It  may,  however,  be  otherwise. 

Thus  in  ranny  Instincls  an  ahiding  visceral  stato  (Ite- 
getting,  as  it  does,  a  corresponding  appetite  or  dcsiTe) 
exercises  its  powerful  influence  upon  the  higher  nerve 
centreg  gDnerally,  and  so  mipplies  a  stimuhia  more  or  lees 
definitely  realized  prompting  to  a  series  of  sensorially- 
guided  acts,  ^  hich,  owing  to  the  similarities  of  the  environ- 
ments  of  individuals  of  each  species,  are  subject  to  com- 
paratirely  little  variation  in  their  successive  steps. 

BrouBsais,  following  in  the  wake  of  Cabanis,  was  one 
of  the  first  to  point  out  the  ^Tcat  importftnce  of  visceral 
states  and  impressions  in  reftrenco  to  Instinctive  Acts. 
Citing  a  well-known,  but  important,  illustration,  he  says  ;• 
"If,  when  a  hen  is  impelled  to  incubation^  we  dip  her 
belly  several  times  in  cold  vratcr,  the  e^tcitemcnt  dis- 
appearSj  and  the  kind  of  cliicking^  which  accompanies  this 
de!>ire  ceases,  together  with  all  the  other  acta  related  to 
the  same  end."  And,  that  there  are  visceral  caaeea  or 
states  lying  at  the  root  of  the  sexual  instincts  generally, 
may  be  inferred,  amonfj  other  thingSj  from  the  fact  that 
in  animals  w^hich  have  undergone  certain  mutilations  snch 
instincts  remain  in  abeyance.  These  statea  are  onlyperM 
odically  aroused  in  many  animals,  and  in  Birds,  more  e^pH 
cially^  we  God  sexual  changes  forming  part  of  the  seasonoT 
rhythm  of  bodily  states.  "  The  pairing  of  animals  usually 
begins  to  take  place  in  the  Bpring  ;  Kvhea  tbe  winter  im 
passed,  the  earth  is  covered  by  verdure  and  adorned  hm 
the  various  flowers  that  now^  expand  their  blossoms*  •  »  J 
The  birds  sing  their  love  songs  ;  the  nightingale  is  now 
'most  matjical  moat  melancholy';  the  cuckoo  repeats  bia 
*  "IVait^  de  Pliyaiologicp'*  Pt  I.,  cbnp.  til 
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monotonoiis  note  ;  and  every  other  animal  seems  ta  par- 
take of  the  oniversal  joy/'* 

The  principal  Tustincts  of  animals  have  been  groaped  by 
naturalists  under  three  heads;— 

1,  Those  dependentt  immediately  or  remotely,  upon  inclta- 

tiona  from  the  Alimentary  Canal  (e./j.,  mod&  of  seeking, 
capture,  Beizin^i  storing,  ot  aTvallovritig  of  food;  a.ud 
Btymo  cases  of  migrFition). 

2,  Those  dependent  upon  inoilations  fmrn  the  Generative 

Organa  (e.fj.y  pairings  iiidification,  ovipoBition,  care  of 
yciunt?;  atid  some  casts  of  migration). 
Z.  Tboae  depnndeiit  upoQ  more  general  impreenions,  perhaps 
^  partly  internal  and  partly  external  in  origin  (hyberna- 

|P  tion  and  tr-i^ratloi^). 

Tlic&e  are  the  claasea  considered  by  Klxby  and  other 
writers,  Tliose  of  the  first  set  are  often  spoken  of  aa 
InstLiictfl  of  "  self-preservation,"  and  the  second  as 
Instincts  "devoted  to  the  perpetuation  of  the  Bpeciea/* 
But  language  of  this  kind  is  apt  to  he  misleadiug. 
Animds  under  the  iufluence  of  these  instincts  cannot 
rigliily  be  supposed  to  act  as  a  result  of  reflection,  but 
rather  to  be  at  each  step  (though  more  or  lesH  guided  by 
memory  and  present  s&nsonal  impressions)  urged  on  by  a 
*  blind  inipuleie.*  Although  tho  successive  components  of 
Instinctive  Acta  for  the  most  part  lead  to  very  definite 
ends,  apparent  enough  to  the  onlooker,  no  definite  con- 
ception of  the  ultimate  end  to  be  obtained  can  be  commonly 
supposed  to  actuate  the  animal. 

It  is  this  negative  characteristic,  indeed,  which  goes  far 
to  explain  the  essential  peculiarity  of  Instinctive,  aa  opposed 
to  Rational,  Acts,  Three  leading  pecaliarities  of  these 
Acts  were  given  long  ago  by  !Dr.       Alison,!  which  aro  aa 

*  Kirby*«  "  Habits  and  lofrtiucta  of  Amomts,"  vol.  li.  p  183. 
t  "  Cyclop,  of  Anat»  and  PhyBioL,"  toI,  iii  p»  4, 
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follows  i — (1)  Tliey  are  always  performed  by  individuals 
of  tbe  same  species  in  nearly,  if  not  in  exactly,  ih&  siime 
manner,  (2)  No  experience  or  education  is  required  in 
order  that  the  different  voluntary  efforts  requisite  for  Uiese 
Bctiona  may  follow  one  another  with  nncning  preciKion* 
(3)  They  are  occasionally  seen  to  he  performed  under  cir- 
cumstances which  the  oulooter  (having  regard  to  the  ends 
nsually  accomplished  by  the  acU)  recognizcH  as  rcndcrin 
them  nugatory. 

In  illustration  of  the  first  and  eecond  pecullarilies,  tbe 
following  quotation  from  Bichat  may  be  cited*  He  said  : 
<*  If  we  examine  different  animals  at  the  moment  of 
birth,  w^e  shall  see  that  the  special  instinct  of  each  directs 
the  execution  of  peculiar  movements.  Young  quadrupeda 
seek  the  mamnite  of  their  mothers,  birds  of  the  ord 
Oalliuftce©  seize  immediately  the  grain  which  ia  the 
appropriate  Dourishment,  while  the  young  of  the  carnivor- 
ous birds  merely  open  their  mouths  to  receive  the  ft 
which  their  parents  bring  to  their  nests." 

The  third  peculiarity  exemplifies  the  *  blindness 
Instinct,*  and  may  be  illustrated  by  the  fact  that  Blow-Hiea 
often  deposit  their  eggs  on  a  plant  {Chcnfypodlum  fittida) 
whose  odour  resembk^s  decaying  meat,  though  it  ia  quit' 
unBuitable  as  a  nidus  for  such  eggs  ;  or  by  the  fact  tba 
the  Bee  gathers  and  stores  up  honey  even  in  a  climate 
whore  there  is  no  winter ;  by  the  fact  that  a  Hen  will  com 
tinue  to  sit  on  a  pebble  which  has  lieen  pat  in  the  plaee 
of  an  egg,  and  that  she  shows  the  same  kind  of  solicituds 
for  ducklings  that  have  been  hatched  under  her  as  shd 
would  for  chickens  produced  from  her  own  egga. 

Some  powers  and  instincts  (a)  are  connate:  lliat  ia, 
the  animals  are  cupa^^le  of  manifesting  them  almost 
immediately  after  l^LvUi,  aiv«l  without  the  occurreuco  of 
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The  pig  la  an  animal  tlmt  htia  its  wlta  about  It  qnite  ns  bootl 
ffcer  ItirLh  aatbe  cliicltt^n,  1,  tliurcfore,  sckctcJ  it  as  a  subject  of 
obaerriition.  The  fullawin^  are  some  of  my  ob^ervntiona :  Tbttt 
vigoroua  young  jn^s  get  up  and  search  for  the  teat  at  once,  and 
witbinoae  minute  after  their  «ntrance  into  the  worlJ ;  that  if  re- 
inored  uevetal  feet  from  their  mother,  when  agod  only  a  few  miiiat&a, 
thcj  soon  find  th<iir  way  back  to  her,  guided  appitreutly  by  the 
grunitug  Hhe  maken  In  an^^vri^r  to  their  RqutibUin^,  .....  One 
pig  I  ptit  in  a  bii^  the  moment  it  waa  born,  and  kept  it  in  llie 
dark  till  it  wag  Heven  hours  old,  when  I  placed  it  oataiJe  the  sty, 
n  diatttnce  of  tea  feet  from  where  the  aow  lay  concealed  insida  the 
houses  The  pig  soon  recognized  the  low  grunting  of  its  mother, 
ivci;t  along  outsidi^  the  sty,  struggling  to  got  under  or  orer  the 
wer  bar*  At  the  end  of  five  minutes*  it  aucceeded  in  forcing  itself 
rough,  ander  the  brir,  at  one  of  the  few  places  whera  that  wan 
pagfiible^  No  sooner  in^  thun  it  "vtent  without  a  pans^i  into  the 
|>tg-honHe  ta  its  mother,  and  was  at  once  like  the  others  in  its 
behaviuur/^ 


Til  other  cases,  however,  powers  or  instincts  (h)  which 
canaot  bo  mauifeBted  at  biiik  become  developed  after 
ays  or  weeks ;  apparoutly  Lcoause.  iu  these  casaB,  the 
ervous  Systems  of  the  young  animals  have  to  go  through 
certain  stages  of  development  hejoiul  those  which  have 
een  attained  at  tlio  time  wlien  the  young  leave  the 
Idacis  or  womb  of  the  mother. 

On  thia   suhject,        A.  Spalding  remarki* :  "  The 
nman  infant  cauuot  masticiite  ;  it  cau  move  its  limhs* 
but  cannot  walk,  or  direct  i[s  hands  so  as  to  grasp  a« 
ihjoct  held  before  it.    The  kitten  just  born  cannot  catch 
mice.    The  newly- hatched  ewallow  or  tomtit  can  neither 
walk,  nor  fly,  nor  feed  itself.   They  are  helpless  as  the 
nmaa  iufaut.    Ib  it  aa  the  re suU  of  painful  learning  that 


•  "  Mucmillaa**  Mag:ujne,"  February,  1873^ 
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the  cLild  subsequently  seiaes  an  apple  and  cats  it  ? 
the  cat  lies  iti  wait  for  tlie  jnoiase  ?  tliat  the  bird  finds  i 
proper  food,  antl  winga  its  way  tlirough  the  air  ?  We 
think  not.  With  the  deveiopraent  of  the  physical  parts, 
comes,  according  to  our  view,  the  power  to  use  them  in 
the  ways  that  have  preserved  the  race  through  past  ages. 
This  is  in  harmony  with  all  wo  know.  Not  so  the  contrary 
view." 

In  re^iird  to  some  of  those  powers  whioh  only  beco 
possible  several  days  after  birth,  it  can  be  clearly  show 
that  they  are  no  more  'leanied'  by  the  individual  than  are 
those  which  are  capable  of  being  manifested  immediatel 
after  birth.  Some  org-aniams  are  born  in  a  slate  of  great 
niatui'ity  than  others,  and  in  those  in  which  immaturity  " 
most  marked  (as  in  the  human  infuut),  as  well  as  in  tLoaa 
in  which  it  is  leas  marked,  the  necessary  time  must  elapse 
for  the  sevoriil  parts  of  the  body,  and  Bspeciiilly  of  the 
Nervous  System,  to  develop,  before  certain  truly  instinc- 
tive desires  and  nets  aro  eapahlo  of  showing  themselves. 
Thus  only  cau  we  e:};plain  the  late  appearance  of  mmj 
Inatinctive  Acta  in  animals  {generally,  as,  for  instancej  the 
powers  of  flight  shown  by  young,  but  only  recently-fledged, 
Birds  who  hnvo  made  no  previous  attempts  to  fly.  The 
manifestation  of  this  latt^^r  power,  iudcpendently  of  learn- 
\u}^,  ]jas  also  been  expcrimeutally  veritied  by  Spalding. 

He  phiL-ed  ^onic  young  unded;E|f!d  Swallows  '*in  a  ainaU  box  noi 
much  longer  than  the  nest  from  which  thi^y  were  taken.  Th« 
Utiles  hoTLy  whith  had  a  wir«  front,  waa  Lung  on  the  wu.ll  near  ihs 
uest*  and  the  i/oung  swallows  were  ff^  by  thetr  paronta  llirough 
the  wires,  In  thia  confiufrmfnt.^  where  they  could  not  even  extend 
thvir  winpB,  thoy  were  kept,  until  after  they  were  fully  fledged." 
Tho  birda  wf.n^  iboti  lihemted,  and  their  actiona  carefully  nutched. 
Of  two  youny  swallows  which  had  been  confined  in  this  mannerliU 
th«tr  wings  hud  grown,  ypuldin^  sajH^  *'  Onv,  on  being  set  free,  (I 
ird  or  two  too  cloac  to  the  grotiiid»  rotje  again  in  the  direct' 
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of  a  bt?ech-tree,  which  it  gnicorallj  avoided;  it  was  seen  for  a  con- 
ei;jL"raUe  tiiue  flwee[aiig  round  the  beecKea,  and  rierfurmbg  mag- 
niituciit  evolutions  iti  tlie  iiir  high  atove  them.  The  other,  vrhicb 
was  observed  to  l>ent  the  air  with  its  wings  more  thuu  ugual,  waa 
&oon  loat  to  eight  behind  some  trees/'  He  adds,  **  Titinice,  tomtits, 
and  wreus  I  liiive  miide  the  nubjeLita  of  a  shiiiliir  stiidj',  and  with 


The  Plasticity  of  Instinct. 

"fhe  Kame  careful  obsorvor  8H}a  **  Though  tlie  instincta 
of  aaiLQals  Rppcar  and  die^appoar  in  such  reasonable  corre- 
spondence with  their  own  wants  and  the  wants  of  their 
offfjpring  aa  to  bo  a  standing  subject  of  wonder,  they  havo 
hy  no  means  the  fixed  and  uualterablfi  character  by  which 
some  would  distinguish  them  from  the  higher  faeulliea  of 
the  human  race.  They  vary  in  the  individuals  as  does 
their  physical  etrurture.  Animals  can  learn  what  they 
did  not  know  hy  instinct,  and  forget  the  InstinctivQ  know- 
ledge which  thoy  never  learned,  whilo  their  instincts  will 
often  accommodate  themaolvca  to  considerable  changes  in 
the  order  of  external  events,"  He  then  records  the  fal- 
lowing experiment : — 

"  Everjhodj  knowa  it  to  be  a  commcm  prartlce  to  hatch  dacka* 
egga  under  the  common  hen,  thoagli  iii  auch  cusea  the  ben  baa  to 
■it  a  week  longer  than  on  her  own  eggs.  I  tried  an  e^iperiment  to 
(WOertain  how  far  the  time  of  eltLing  could  bo  interfered  with  in  the 
opposite  direcf-ion.  Two  hena  beeame  broody  on  the  same  day,  and 
1  eel  them  on  diimmies*  On  th£;  third  day  I  put  two  chicks  a  day 
old  to  one  of  the  two  hena.  She  packed  at  them  once  or  twice; 
etemed  rather  fidgety,  thea  took  to  tbenit  called  them  to  her»  and 
entered  on  all  the  cares  of  a  mother.  The  other  hen  waa  similarly 
tried,  but  with  a  very  different  reeult.  She  pecked  at  the  chickens 
vicioxialj,  and  both  that  day  and  the  nest  stubbornly  refuaed  to 
have  anjlhtng  to  do  with  them.'* 


*  "  Kiitnre,'*  October  7,  1875.  p.  &07< 
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Another  excellent  example  of  the  pl&9ticUj  of  iDsttocI 
tbat  is,  of  the  way  in  which  an  instinct  will  vary  under  new^ 
coadittons,  has  been  recorded  hy  G.  J.  Romanes.  Tlus 
lAgenions  observer  writes*  ; — 

**Three  jtm  aga  I  gave  a  pea-fowl's  egg  to  a  Brabma  ben  to 

liatch.  Hie  hen  wusi  an  old  one,  and  had  prerioasly  reaml  manj 
broods  of  ordtaary  ehickena  with  anttsnal  tnccesa*  even  for  one  of 
ber  bn!«^    In  order  to  batch  the  pea-chicV,  she  bad  to  lit  one 

week  longer  than  is  reqaiaite  to  faatcb  an  ordiaiiy  cbick  

The  object  with  which  I  made  this  eipcnment,  bowerer,  »«*^a4l 
of  ttAcertainiDg  whether  the  penod  of  maternal  etkTC  sabse^aeni  to^ 
iocnhation  admits,  under  pecoli&r  coaditioiis,  of  being  proloa^td; 
for  a  pea-chick  requires  tnch  car^  for  it  very  mach  longrr  time  thaa 
does  B-n  ordinary  chick.  As  the  separation  bdvreea  a  beb  and  ber 
ehieki'ns  alir^y^  appears  to  be  dae  to  the  former  driTiDg  away  IIm 
liitt«r  when  they  are  old  enough  to  shift  for  themeelver,  I  scveelj 
expected  the  hen  io  this  case  to  prolong  her  period  of  materoal  c&re» 
and,  indeed,  only  fried  the  experiment  be^nae  I  thooght  that  if 
the  did  to,  th«  fact  woald  he  the  best  one  imagioable  to  ^how  im 
tohfU  a  hi{fh  degrts  hereditary  i^i^tinct  maij  v^odtJUfd  htf  fieeidiar 
individwtl  ctpmnt^cu  The  resutt  was  very  BorpriaiDg,  For  iba 
enormODfl  period  of  eighteen  nn^nths  thti  old  Brahma  beareonuned 
with  her  ever  growing  chicken,  and  througboat  the  whole  of  that 
time  abe  rontiuued  to  p£iy  it  unremitting  atteatioa.  She  never 
laid  any  e^i^ti  danng  this  lengthened  period  of  maternal  tDpermooiii 
and  if  at  any  time  she  became  accidentally  separated  from  h&t 
chitrge,  the  distrcfls  of  both  mother  and  ehicLcn  was  very  greal 
Kveataatly  the  reparation  aeemed  to  take  place  on  the  ^de  of  iba 
peacock,  ,  .  .  .  ,  In  concloaion^  I  may  nbaervc  that  the  peacock 
reared  by  this  Brahma  hen,  turned  out  a  finer  bird  in  every  »ay  th«B 
did  any  of  hia  brothers  of  the  same  brood  which  ivere  re&red  by 
their  own  mother;  but  that,  on  repeating  the  eipenment  next 
year  with  another  Brahma  hen  and  several  ppa-chickens,  the  resulfc 
waa  diffV-rent,  for  the  hen  deaert*?d  her  family  at  the  time  wben  ii 
ii  natnriil  for  ordinary  hens  to  do  so,  and,  in  consequence,  oU 
pea-chickena  muerahly  peri>ihed-** 

Another  observation  proving  the  modifiability  of  In* 
*  "  Nature/'  Oclt^ber  25, 1875,  p.  5r*3. 
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Btincts  in  Binls  has  been  recorded  by  tho  same  observer, 
and  la  of  gveixt  iuterest.    He  sr.js  • : — 

"  A  bitch  fi2rri*l  «transflt?d  herself  by  trying?  to  aqaeoKe  tliron^b  too 
narrovran  opciiiti^.  Sh«  left  a  vcryyonn^^  family  of  three orphaoB. 
Tlieae  I  giive,  in  tlio  tiiiilJle  of  the  t^av^  to  a  Brjhrua  heti.  whwh  had 
ljt*i!>t]  ftittiij^  on  Jummiea  fur  aooiit  a  munth.  Slie  took  to  thaai  ^hxioai 
imri't'i^iiiti'ly,  and  r^nuutiod  with  tUorn  for  rather  more  than  a  furt- 
night,  at  the  end  of  which  time  I  hud  to  cant^e  a  Bt'pantdonf  ia 
oooBeqaence  of  the  hen  haviiiff  stiffocaled  one  of  the  ferrwta  by 
atnndiiig  on  its  nock,  Duriu^  the  wholi^  of  the  time  that  the 
ftrrt'ls  were  h(t  with  the  hen,  the  latter  had  to  sit  upon  the  nest, 
for  the  young  ferreiHp  of  t^onrse.  were  not  able  to  follow  the  hon 
ulMont  03  chiukena  would  have  clnne.  The  hetXj  us  might  he  cipccted, 
wju*  T*»ry  much  pci7.7tcd  at  the  lethargy  of  her  o(fsjM"ia^.  Two  or 
three  times  a  day  she  uaed  to  fly  oli'  the  ne«t,  cullioii  uiion  her 
bfOfxJ  to  fullow,  but  upon  healing  their  crlest  of  dialreda  from  culd, 
she  alw-»yu  returned  iinuie^liately,  und  sat  with  patience  fur  eis  or 
aeteti  hoiifj^  mom,  I  should  huve  eaid  Vmt  it  only  took  the  hen 
one  duy  U»  learn  the  meaning  of  these  criea  of  diatreea;  for  aftur 
the  first  day  she  woold  alwitys  run  in  an  agitated  manner  to  any 
place  wheie  I  conceaiod  tho  fcrrettt*  provided  that  thia  place  was 
not  U»o  far  away  from  tlm  nest  to  prevent  her  froai  hearing  the 
cri^M  of  di?ttrL*sB,  Yet  I  do  not  think  it  would  be  ponaibleto  conceive 
of  0  gri.'ut4;r  cuntriist  tlmn  that  between  the  shrill  piping  note  of  vk 
young  chicken  und  the  hnar^e  growling  noi^e  of  a  young;  ferret. 
On  the  other  hand,  I  cannot  say  thaf-  the  young  ferrets  ever  seeujcd 
to  t«arn  the  meaning  of  the  hen^a  ctncktng. 

"UuriujT  the  whole  of  the  time  that  the  hpn  waa  allowed  to  Hit 
upon  the  ferrets,  she  used  ki  comb  oat  their  hair  witli  her  bi!l,  ia 
the  ftame  way  aa  hens  in  ^'eneral  comb  out  the  feuthers  uf  their 
chickens.  While  engaged  in  thia  process,  however,  ahe  oaod  fro- 
CLaently  to  stop  and  look  with  one  eye  at  the  wriggling  ntsifol,  with 
an  enquiring  gaxe  expressive  of  aatoniahment.  At  other  tinieB,  alao^ 
her  family  giive  her  |C^X)d  reason  to  be  Hurpriaed,  for  she  uat-d  often 
to  fly  off  the  nant  eiiddi>n1j  with  a  loud  Hcream^  an  aetion  whieh 
was  donbtle^a  doe  to  the  unnceu^tomed  aetmation  of  being  nipped 
by  the  young  ferret'^  in  their  m^urch  Uir  the  teats.  Xt  la  farther 
worth  while  to  remark  that  the  hen  iihowc-d  so  much  unea^incsH  of 
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inind  when  the  fcrreU  were  taken  from  her  to  be  fed,  that  at  od6 
tinje  I  thotijflit  ehe  was  goiuif  to  desert  them  liltogether,  Aflcf 
this,  therelore,  the  fezTfrta  wore  Eklwajfi  fed  in  the  nest,  aod  fiixhi 
thia  aTTudgement  the  hea  was  pcrre<:tLy  satisfied,  AppiiFeittljr 
hecutiae  she  thought  thut  sliu  then  hud  some  ehare  tn  the  feedinif 
pruceaa.  At  any  rate,  »he  u}ji?d  to  cluck  when  she  saw  the  milk 
coming,  and  Burveye J  the  feeding  Tvith  evident  satisfaction,  .  ,  ,  ^ 
Altt)gether»  I  conaiJer  thia  a  veiy  remarkable  iiietance  of  the  plas- 
ticity of  inBlioct  The  hen,  it  ahoald  be  said,  was  a  young  one,  ad4 
bad  ucvtiir  rmred  a  brood  of  chickieus.  A  few  moQtha  before  she 
reared  tbe  young  ferrets  she  bud  been  attacked  and  ncurly  killed  by 
an  old  fcrrot,  Tirbich  had  escaped  from  his  hutch.  The  yuung  ferreta 
were  taken  from  her  eeveml  days  l>ofor(j  Ihcir  eyea  were  open." 

This  TariuLility  of  instiucta  under  varyiug  rocditions  is  » 
mutter  of  coosiderable  importance  in  enabling  ua  better 
lt>  midersiiiiid  the  enormoas  variety  of  Auinasl  Instiocta 
and  the  mode  in  which  some  of  the  most  eompler  and 
extraordinary  of  them  may  have  originatcth  On  this 
subject  Mr,  Dtirwin  BRys;*  **  Under  domesticntion  in- 
stincts have  been  acquired,  and  natural  instincts  hare 
been  lost,  partly  by  habit,  and  prirtly  by  man  selecting 
und  accumulating  during  successive  generations  peculiar 
mental  habits  and  actioDS,  which  at  first  appeared  from 
what  we  must  in  our  ignorance  call  an  accident.  In  eome 
cases  compulsory  Labit  alone  was  sufficient  to  produce  in- 
herited mental  chrtngea  ;  in  other  cases  compulsory  habit 
has  done  nothing,  und  all  has  been  the  reault  of  selection 
pursued  both  mcthodicfilly  and  unconsciously,"  Again* 
among  wild  animals  **  cbangca  of  instinct  may  sometimes 
be  fftcilitiitcd  by  the  Rarae  sjieciea  having  different  instiucU 
at  different  periodB  of  life,  or  at  different  seasons  of  the 
ycavt  or  when  placed  under  different  circum^tancea,  A'c; 
iu  which  cane  either  the  one  or  the  other  instinct  rnight 
he  preservotl  by  natural  selection.  And  such  instances  of 
diversity  of  instinct  in  the  Barne  species  can  be  5ho\^'n  to 

*    Origio  of  Species,"  6th  edition,  1872,  pp.  206,  207.  211,  23a, 
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occur  iu  Dalare.  .  .  «  Uuder  cliangeJ  coinlitionfci  of  life  it 
is  at  leiist  iiossiblc  that  sliglit  nitxlifit'atioMS  of  instinct 
miglit  be  profitable  to  a  species ;  and  if  it  can  be  shown 
that  instincts  do  varj  ever  so  littlo,  tbeu  T  cnii  sgo  no  ciifS- 
cultj  in  natural  selection  preserving  and  contiuually  accu.- 
mululing  variations  of  instinct  to  any  extent  that  was  profit- 
fible.  It  ia  tlma,  as  I  believe,  tbat  all  the  roost  cotupkx 
and  wonderful  instincts  have  oritrjnuted.  As  moditica- 
lions  of  corporeal  structure  arise  from,  and  are  incrc^asGd 
by,  use  or  babiti  and  are  dimini»lied  or  lost  by  disuse,  so 
I  do  not  doubt  it  has  been  with  instincts.  But  I  believe 
that  the  effects  of  habit  are  iu  many  cases  of  subordinate 
importance  to  the  effects  of  nataral  seletitiou,  of  what  may 
be  called  spontaneous  Tariations  of  instinets :  tbat  is  of 
variations  produced  by  the  same  unknown  causes  which 
produce  slight  deviations  of  bodily  structure,  ,  ,  ,  ,  For 
pecuhar  habits  confined  to  the  workers  or  sterile  females, 
however  long  they  might  be  followed,  could  not  poseibly 
effect  the  males  and  fertile  females  which  alone  leavo 
descendants/' 

As  tyxJical  instances  of  the  more  complex.  Instinctive 
Acts  may  be  cited  the  web-weaving  and  nest-building 
habits  of  Spiders  j  the  gathering  and  storing  of  honeVj 
together  with  all  the  social  acts  of  Bees  ;  the  slave-inaking 
und  other  habits  of  Ants  ;  the  migrations  of  Fishes  at 
spawning-time  ;  the  selection  of  site  and  mode  of  ovi- 
position  among  Amphibia;  the  nest-buildiiig  acts  and 
migi'ations  of  Birds  ;  the  housc-bnilding  and  food-storing 
ftcta  of  BcaverB,  There  can  bo  little  doubt,  that  if  our 
means  of  knowledge  were  greater  than  it  is,  we  should 
be  able  to  explain  these  and  all  other  Instincts  by  rBfer- 
ence  to  the  doctrines  of  *  inherited  acfinisition '  and 
*  nutaral  selection,'  either  singly  or  iu  combination. 


CHAPTER  XV< 


'    KASCEITT  REASO^T,  EMOTION,  IMAOINATIDX  AXD  VrkLlTlOTi* 

The  views  set  forth  m  preceding  cliaptera  in  reganl  to 
Ruflex  and  Instinctive  Actions  permit  certain  importjLiit 
rorollariea  to  be  deduced  therefrom.  And  should  theso  be 
foutid  to  harmonise  with  many  koown  facts,  such  corre- 
spondence of  fitcts  with  theoretical  deductions  vnW  prob* 
ably  be  held  to  nfiord  ndditional  evidence  in  favour  of 
the  view  a  in  qnestion. 

In  this  chapter  we  shall  refer  to  three?  such  corolla  ries^ 
and  see  what  evidence  can  bo  adduced  iu  support  of  tliein^ 

(1.)  It  would  Beem  likely  that, — All  the  deBnite  acts  of 
very  low  organisms  would  piirtake  oitlif  r  of  the  nature  of 
Retfex  Actions  or  of  the  Simple  Instiuctivo  Acts  into 
which  these  latter  merge  by  almost  insensible  gradations. 

Thia  proposition  might  be  expected  to  hold  good  for  all 
the  actionB  of  Slednam,  Warma,  and  Mollnsks — with  the 
exception,  perhapa,  among  the  latter,  of  8ome  of  those 
manifested  by  the  active  and  highly  endowod  Cephalnpods. 

A  rnde  unfamiliar  touch  of  any  kind  evokes  iu  a  J^nai), 
on  itB  travels,  only  one  set  of  untionB :  its  body  and  horns 
contract^  and  the  former  is  drawn  by  its  retractor  mnsele 
within  the  shGll,  No  oLhur  actions  are  ever  seen  to  follow 
such  a  etimnlua.  In  itB  daily  walk,  also,  the  rarioua 
mavementB  of  tbe  Snail  are  of  the  aimploat  kind,  largely 
instigated,  it  would  aecm,  by  the  visceral  and  general  con- 
dition known  to  us  as  '  hunger,'  and  only  mora  rarely 
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diversified  by  otLer  proiDptings.  Influenced  hy  an  *  im* 
puli^e,'  or  *  desire'  for  food,  impressions  of  Smell  and 
Sight  doubtlesa  guide  the  aiiinml  to  the  pUuts  on  which  it 
is  accustomed  to  feed,  and  whose  leayes  it  deTours  with 
that  aeeonapaniment  of  Feeling,  definite  or  indefinite, 
which  may  pertain  to  its  rudimeutary  nervous  actionSp 

(2.)  We  might  expect  to  find  that, — The  lower  the  de- 
velopment of  the  Bmin  in  those  organisms  which  perform 
any  of  the  more  Complex  Instinctive  Actions,  the  less  fre- 
quently would  anything  like  Reason  appear  to  iuter\'cno  in 
their  accidental  reliitions  with  unfamiliar  phenomena  out- 
side the  range  of  their  ordinary  instinctivo  expenences. 

Id  order  to  test  the  correctness  of  this  infaroiice.  it 
fieems  desiralile  to  study  pretty  closely  some  of  the  recorded 
acts  of  those  Social  Insects  of  ■^diich  we  know  most,  and 
whone  instincts  are  so  remarkable — such  as  Eees^  Wasps, 
and  Auts,  We  raay  thus  be  able  to  arrive  at  some  con- 
clusion as  to  the  extent  to  which,  what  ia  ordinarily 
termed  '  Ileason/  seems  to  infloence  their  actions.  For^ 
tunately,  we  have  available  the  records  of  numerona  ex- 
perimental observations  recently  made  hy  Sir  John  Lub- 
bock,* and  conducted  with  all  tho  care  that  could  be 
desired,  in  regard  to  the  reputed  high  inteUigcuce  of  these 
very  animula.  They,  or,  at  all  events,  Bees  and  Auta^  haye 
long  been  tlie  special  favourites  of  naturalists,  many  of 
whom  have  not  hesitated  to  put  the  most  liberal  construc- 
tions upon  the  acts  and  demeanour  of  their  insect  frienda. 
There  has  been,  unqucsLionabiy,  a  tendency  to  look  at 
these  acts  from  a  much  too  exclusively  human  point  of 
view. 

This  being  bo,  it  was  all  the  more  necessary  that  some 
•     Juiifii,  ot  Linn  St>c,  (ZooL),'*  vols,  xii.,  xiii ,  &ad  liv. 
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fikilkd  observer  shotild,  as  Sir  John  Lubbock  has  done, 
make  new  and  special  obserrfLtions  on  tbe  dubjecU 

A  few  illustrations  will  enable  tlio  reader  to  form  his 
own  judj^ment,  as  to  the  extent  of  the  power  possessed  hj 
the  Social  Insects  of  adapting  themseivea  to  tuifamiliar 
conditionB, 

The  first  instance  shows  forcibly  the  comparative  in 
bility  of  Bees  ^o  accommodate  tbomselves  to  cbaiiges  in 
their  endronmenti  and,  iucideutally,  their  lack  of  any 
real  loyalty  or  *  aympatby '  for  tboir  qneen  y^hen  aUe 
away  from  her  customary  surroundings. 

Wifiliinp  to  exchange  his  tjueen  Bee  for  one  of  another  br^:^, 
she  WHS  placed,  8ir  John  Lubbock  aav»»  "  with  eotne  worker»  iu  ft 
box  coDtaining  some  comb."  Und^r  tbese  new  and  unaccafftfimed 
cotiditiona  the  workers  took  no  notice  of  their  qaoen,  so  that  ihres 
days  aftenvarda  slie  wiia  found  weak,  bclplcsj?,  aod  miaeraKlc" 
The  next  tlay  some  hoes  wero  coming  to  a  store  of  boney  at  ih« 
ohflerver's  windnw,  and  he  placed  the  helpless  qneen  close  to  them. 
*' In  alighting,  eoTeral  of  them  even  tonched  her;  yet  not  one  of 
her  «uljectB  took  the  elighte^t  notice  of  her.  The  Bama  qit^fa, 
tohtm  o/tenvards  jalttced  ijt  a  hive,  imviediatehj  attracted  a  number 
of  bees,**  ^ 

Another  expci-iment  also  tends  to  confinn  the  mncbine- 
like  or  iindcviating  regularity  of  the  intelligence  of  IWfl, 
by  showing  their  diflSculty  in  recognising  food  when  it  In 
plitnxl  iiuder  conditions  slif^htly  differed  t  from  ibose  to 
which  thpy  arc  aceiiwtonied. 

nambtf  of  thecie  inse*^  were  ooticcd  to  be  very  busy  with  torn* 
Sir  John  Liibboct  tiay»  i  ^  1  put  a  aanccr  with  K)m« 
t.  I  1  II  i  ll. n  of  (lowers;  tlwao  were  re[>eiit«dl7 
i  ihvTis  wiw  hardly  roonvfor  the  Rauccr 
^  to  3.riO  not  a  single  bee  took  any 
I  pat  eome  honey  on  one  of  the 
■  :i8  eiip^rl J  sucked  by  the  be«a ;  two 
I  pa*-t  tive  in  the  evening," 
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Again,  not  to  be  able  to  Bupplemeist  one  motle  of  sen- 
sorial guidance  by  another,  as  in  the  following  simple  cuae, 
recordeil  by  tbe  same  able  observer,  reveals  what  seoms  to 
be  ft  Btranr^o  \s\ck  of  tt<laptive  intellifjenco  on  the  part  of 
the  Bee. 

•"At  10,15  T  pat  a  l>ee  into  a  belUgtuss,  l8  incKea  loDg,  aiij  with 
a  month  6^  inches  wide,  turiiiiif*  the  closed  end  to  the  window;  she 
hriEiird  alxiut  till  1115,  Tvhetj,  aa  there  seemed  no  ehance  of  ficr 
getting  out,  I  put  her  back  into  the  hive.  Two  ftie^  on  tho  con- 
tmxy,  which  1  put  in  with  her,  got  out  at  once-  At  H.30  I  put 
another  be€  and  a  %  into  the  Bams  glass;  tbo  latter  flew  out  at 
once.  For  half  an  hour  the  bee  tried  to  get  out  at  tlie  closed  end ; 
I  then  turned  the  glass  with  the  open  end  to  the  light,  when  sha 
^ew  oat  at  once.  To  taakc  mre,  I  rep<»ated  the  experiment  o&ed 
moTCt  with  the  same  result." 

"  Both  bees  and  wasps,"  Sir  John  Lubbock  tkinks, 
"  find  their  way  about  by  a  '  sense  of  Direction  *  rather  than 
that  of  Sight,  though  the  wasp  docs  not  so  helplessly 
Ignore  tbe  latter  source  of  knowledge  as  tbe  bee  seems  to 
do."  The  Ant,  on  tho  contrary,  appears  to  have  scarcely 
any  '  sense  of  Direction,*  It  seems  to  gtiide  itself  almost 
wholly  by  its  sense  of  Smell,  anrl,  when  baffled  on  such  a 
tracks  wanders  about  vainly,  luaking  little  or  no  use  of  its 
cense  of  Sight.    This  has  been  most  clearly  shown.* 

Ants  often  take  little,  or,  mostly,  no  notice  of  friends  in 
uistrcBS,  or  of  dead  ants  lying  in  their  path,  yt^t  if  one 
or  two  are  crushed  to  death,  in  some  portion  of  a  fre- 
quented track,  all  those  arriving;  just  afterwards  at  tho 
spot  appear  to  become  frightened  and  bewildered.  They 
ran  hither  and  thither  in  an  excited  manner,  and  soon 
eitlicr  wander  away  or  return.  This  is,  perhaps,  due  in  the 
main  to  a  very  strong  odour  cmanatin*;  from  the  urubhcd 
AdIb,  rather  than  to  any  violent  emotion  produced  by  tha 

*  "J (Kirn,  of  Linn.  Soc.,**  vol  xnl  pp* 
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Eight  of  dead  comiudes^  whom  they  generally  disrogardi 
This  notion  is  borne  out  by  the  fact  that  lliey  behnve  iu 
almoBt  the  same  way  if  the  tip  of  the  finger  is  drawn  acrosa 
their  line  of  route  on  a  wall ;  or  if  a  mark  is  made  "with  ft 
stick  or  a  stone  across  tJieir  route  when  they  are  travelling 
on  the  ground.  These  Ins!?titB  appear,  indeed,  to  become 
excited  and  bewildered  in  the  face  of  any  unusual  impres- 
siona  coming  through  their  dominating  sense-organs,  and 
this  to  a  degree  proportion  fito  to  the  strength  and  navelty 
of  such  impreseiona,* 

The  common  Anta  of  this  countrv  will  not,  even  under 
strong  temptatiouj  drop  or  jump  dowuwarda  from  somo 
slight  elevation.  Sir  John  Lubbock  frequently  made 
e^jperimenta  of  this  kind.  He  introilnccd  some  aots 
{lAisiu»  liitfer)  to  a  store  of  larvffi^  and  after  they  had 
been  engnged  for  some  time  in  removing  them,  he  eleral 
one  portion  of  the  bridge  over  which  they  were  compelled 
to  pass  in  going  back  to  the  larvfe,  bo  that  this  elevated 
end  of  the  bridge  was  three-tenths  of  an  inch  above  the 
Temaiuing  portiim.  The  result,  frequently  repeated,  was 
that,  after  a  while,  and  much  coursing  backwards  and 
forwards,  they  all  went  away,  losing  their  pn^e,  in  spil 
of  moat  earncat  efforts,  because  it  did  not  occur  to  them  to 
drop  i\  of  an  inch»"f  The  same  obserror  adds  : — ^*  At  tho 
moment  when  the  sopuration  was  made  there  were  fifteea 
ants  on  the  larvre.  These  could^  of  course,  have  returned 
if  one  hud  stood  still  and  allowed  the  others  to  get  on  it9 
back.  This,  however^  did  not  occur  to  them."  TheJ 
wandered  about  for  a  long  time  in  the  most  aimlesi 
manner. 

This  apparent  lock  of  ingenuity  and  reluctance  to  drop 
from  small  heights,  aa  shown  by  our  English  ants,  is  yexy 

*  "  Nnture,"  vol.  viL  p.  443 ;  vol  viji.  pp,  2U,  303. 
f  "  Jynrti  of  Linn  Soo."  (ZoohJ,  vol.  xiii.  p,  217* 
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remarkable,  but  certu,inly  not  comnioD  to  such  creatures 
generally.  This  is  shown  by  facts  communicutod  to  lui%  * 
by  Colonel  Sykes^  from  his  own  oLser\'ation,  concerning 
certain  "  large  black  ants  "  conitnon  ia  India. 

"When  rB«idt*nt  at  pQona,'*  he  says; — *'the  doasert^  consisting 
of  fruits,  caVofl,  and  varioua  pr<jserves,  always  remained  upon  & 
email  side  tab]*?,  in  a  verantJah  of  the  dioiiig-room.  To  inward 
Dgaiii^i  inroad»f  the  legs  of  tlie  tah^e  were  imniKirsed  ia  four  basinfi 
fiEletl  with  water;  it  was  removed  aa  inch  from  the  wall,  and,  to 
ket'p  off  duet  from  ojjen  windows,  was  cnvered  with  a  tabU'cloth. 
At  iirattlie  anlRdid  not  attempt  to  cmss  the  wutcr,  bat  an  the 
fitrait  was  very  nurrow^  from  an  inch  to  an  inch  and  a  lialf.  and 
the  ftweets  very  tempting,  they  aiipear,  at  length,  to  have  braved 
all  risks,  to  have  comrailted  tliLMiiBelvea  to  the  deep,  to  have 
icramblcd  acrosa  the  chunntdf  and  to  have  ri^Lcbed  the  objects 
of  their  de^irea,  for  bundrodi*  were  found  evtry  morning  revfllitjg 
in  eHioyriieiit:  daily  vengeance  was  executed  u]>on  them  with* 
out  lesaening  their  numWr«;  at  last  the  legs  of  the  table  wcr« 
puioted,  juattthovo  the  waiter,  with  a  circle  of  lufjjcntiau.  This  at 
first  seemed  to  prore  an  efiectual  barrier,  and  for  aome  days  the 
Bweetfl  wera  unmolested^  after  which  they  were  aguin  attaclked  by 
these  ret^otuto  ijlnndererB;  hut  how  they  got  at  them  £Cfnied  totally 
TinaceoQutablei  till  Colon«l  Sjkea,  who  often  pa&aed  the  taUc,  was 
iQr|jrbed  to  J*ee  an  ant  drop  from  the  wall,  abuut  a  foot  above  the 
table*  upon  the  cloth  that  covered  it;  anoLlier  and  another  ano- 
Cf-edcd.  So  that  though  the  tarpeotine  and  the  distanca  from  the 
wall  appeared  effectual  barriers,  atill  tba  resouroes  of  the  animftl, 
when  dtjLermined  to  carry  its  point,  were  not  exhausted,  and  by 
ascending  the  wall  to  a  certain  height,  with  a  slight  effort  against 
it,  in  fuiUng  it  managed  to  land  in  safety  upon  the  tabU/' 

Theae  Beem  to  have  been  acta  prompted  by  'reason,*  but 
they  were  probably  guided  by  a  far  better  Bense  of  Si^^ht 
than  is  poRsessed  by  our  English  ants,  Tvhicb,  aa  Sir  John 
Lubbock  has  shown,  rely  very  little  upon  this  sense  for 
guidance.  It  is  only  fair  to  point  out,  therefore,  that  the 
Beeming  lack  of  intelligenee  betrayed  by  our  EngLiiih  auta, 

•  "  Habits  and  Instincts,"  vol.  ii.  p.  351. 
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from  tbeir  diHincIinatioD  to  take  a  enmll  leap,  may  be  due 
simply  to  tbeir  defeclive  sight.  A  sense  of  Smell,  lioW' 
ever  keen,  would  scarcely  tifTord  siifficient  guidance  to 
tempt  an  animal  to  jump^  and  the  very  Bmall  laterally- 
placed  eyes  of  the  English  ants  would  probably  Dot  be  very 
serviceable  in  the  accomplifthment  of  such  an  act. 

Bees  have  been  commonly  reputed  to  show  signe  of 
Compassion  for  their  fellows  when  injury  or  raiefurtune 
overtakes  tliem.  In  regard  to  this,  Sir  John  Lubbock 
Raya  * : — 

"It  M,  no  doubt,  trno  Ibat  when  tbej  have  got  any  bonej  on 
them,  they  are  always  licked  di?an  hj  the  others ;  but  I  am  eatiafied 
that  thia  is  for  the  bake  of  the  honey  rather  than  of  the  bee.  On 
the  27th  of  September,  for  iuatance,  t  tried  with  two  beea-  one  had 
been  drowned,  the  oilier  was  amearedi  with  honey.  The  latter  wa» 
soon  livked  cleaiu  of  the  former  they  took  tio  tiotice  whatcTer.  I 
have.  iDoreover,  repeatedly  placed  dead  beea  by  honey  on  which  Ht© 
onea  were  fecJing,  but  the  latter  novcr  took  tlie  slightest  notice  of 
the  corpse*.'*  Further  eiperimenta  confirmed  this  opinion,  as  in  his 
aecotid  paper  (loc  cit,  vol.  lii.  231)  Sir  John  Lubbock  saya :  "  far 
indeed  from  having  been  able  to  discover  any  evidence  of  affection 
amongst  theni,  they  appear  to  be  tlioroBghly  calloaa  and  utterly 
iodilFerenL  to  one  anotlier/' 

No  evidence  was  forthcomiiig  to  show  that  the  behaviour 
of  Englii^h  Ants  to  wounded  coniradcB  was  very  different 
(loc.  cit.,  p*  492),  though  it  is  true  that  those  -which  were 
marked  and  then  returned  to  their  nests,  usually  bad  the 
paint  cleaned  off  by  their  fellows. -f-  Bnt  Jlr.  Belt,  in  his 
**  Naturalist  in  Nicaragua/'  cites  Bome  very  remarkable 
instances  of  sympathetic  helpfulnees,  which  were  displayed 
by  'foraging  Ants*  towards  unfortunate  comradeB,  He 
Bays 


*'  One  day  nhen  watching  a  email  column  of  Iheae  aata  {EeU<M 
*  Loc  cit  *  tol  iii,  p,  128,      f  Loc,  cil.,  vol.  JciiL  p.  230. 
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hamata)  I  placed  a  little  stone  on  one  of  them  to  secare  it  The 
next  that  apj^roacbed^  na  goon  a.s  it  di&covared  its  ftituatiob^  run 
backwards  in  an  ugituted  nianiier,  and  aoon  commanicut^d  tbo  in- 
telliffc-nce  to  the  others,  Thej  rushed  to  tho  rescue ;  Bome  bit  at 
Itui  stone  and  tripd  to  move  it;  other*  seized  the  prisoner  hy  the 
)«g9»  und  tugged  vlth  such  force  that  I  thought  tho  legii  would 
polled  off— but  they  persevered  till  they  got  tliti  captive  fiee.  I 
next  covered  one  up  with  d.  piece  of  clciy,  leaving  onlj  the  ends  of 
the  antetrnzB  projecting.  It  was  BOon  discovered  by  its  fellowat 
T^hkh  &et  to  work  immedi^ttely,  atid  by  bitbg  off  pieces  of  the  clay, 
soon  liberated  iL'* 

It  is  possible,  howeveri  that  Buch  acts  as  aru  above 
rocorjJed  may  have  been  very  commonly  performed  by 
'  furaging  Ants  *  on  behalf  of  distressed  comrades,  though 
Ibey  are  not  habitual  with  Anta  of  other  species.  It  is 
not  at  all  necessary  to  boHove  that  any  definite  communi- 
cations bad,  as  Mr,  Bolt  sa^^ffosta,  been  made  to  tbe  Acta 
wLicb  came  out  to  help.  Tbey  may  Lave  timply  followed 
their  excited  companion.  Evidence  in  regard  to  this  latter 
point,  so  far  as  orditiary  Ants  are  coucertied,  will  pri^sently 
be  cited. 

Again,  tho  Social  Insects  have  been  said  to  Bhow  signs 
of  Joy,  by  mutual  caresses,  when  old  comrades  meet  after 
weeks  or  months  of  separation.  But  careful  test  experi- 
ments ^ave  Sir  John  Lubbock  no  eTidence  of  thia  behaviour, 
either  with  Bees,  Wasps,  or  Ants.  It  has  been  often  said 
that  the  members  of  one  hive  always  recognize  one  another, 
and  that  strangers  are  drivoa  out.  Tbia  seemed  to  be  true 
only  in  part.  He  found  that  Bees  knew  and  almost  habi- 
tually returned  to  their  own  hive.  Occasionally,  however, 
they  entered  a  strange  hive,  and  this  without  fear  or 
molestation.  Ants  seem  to  remember  each  other  much 
better  than  Bees.  Sir  John  Lubbock  found*  that  strange 
Ants  were  not  permitted  to  remain  in  a  nest ;  they  were, 

*  Idoc  cit,  vol.  itlii.  pp.  221-237* 
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in  nlmost  all  cases^  persistently  aLUcked  und  ultimately 
killed' — one  spffcies,  however  {Lashts  fhtrtis)^  proaented  an 
exception  to  tLis  rule,  Pfe\'ious  comrades,  after  a  separa* 
tioD  of  Bix  mouths  or  more,  are  not  received  with  nny 
aigiia  of  cordiality,  though,  at  tho  saine  time,  their  pre- 
sence is  not  aa  a  rule  objected  to,  and  ibey  Boon  appear 
quite  at  home  again*  This  apparent  memory  of  indi- 
viduals pertaining  to  the  same  nest  for  one  another  may, 
perhaps,  after  all,  be  rather  dependent  upon  some  subtia 
discrimination  hy  the  sense  of  Smell.  An  Ant  of  a  strange 
colony,  thotigli  belongings  to  the  same  Epccies,  may  present 
Bonic  sensorial  attribute  leading  to  its  recoguiLiou  as  an 
intrnder;  \^hi3Bt  a  mrmber  of  the  same  colony,  even  after 
lon^  ubsence^  presenting  no  unusual  characters,  is  not  so 
much  remembered  as  passed  by  in  a  heedless  manner* 

What,  moreover,  are  we  to  infer  as  to  th^  memory  or 
ability  to  be  taught  by  their  own  individual  experience  on 
the  part  of  Wasps,  in  the  face  of  the  following  facts  nar- 
rated by  Sir  John  Lubboi-k?* 

A  Wasp  which  had  l^cn  miirked  for  ideT]tilicn,tioQ,  ftnieared  her 
wingn  with  syntp^  60  that  ahe could  Tiot  ily.nnd  the  experitneoter 
did  not  know  where  her  neat  won,  he  could  not  aubmit  her  to  the 
before  in*?titioned  dettnaing  operaliona  of  her  compatiionB.  H* 
thought  tthu  WHS  dr>omt;d,  but«  a  last  re^ourc^*  re&olved  to  nrub 
hi'r  hlui^lf,  fxiUy  ex[jcclin^  tu  terrify  hi?r  so  much«  that  she  would 
not  rt'tiirn  ng-aiti.'*  JI*?.  therefore,  *'  caught  her,  put  her  in  a  bottle 
huif  Cull  of  water,  and  bhook  her  up  wdl  till  the  honey  was  wa^hf^d 
olT."  8lie  was  then  transferred  to  a  dry  bottle*  and  put  in  the  8>]ii. 
When  the  wna  dry.  Sir  John  Lubbock  sajb,  '*1  hi  her  out,  and 
ifh(^  instantly  Aew  to  hernestu  To  tny  HurpriBe*  in  thirtfen  nunates 
fibs  returned  as  if  nothing  hud  hapt^t*Qi'd,  and  coatinued  ht^r  vluita 
to  the  honey  a\\  the  attemoon.  *  ,  .  ,  Thiii  oxperimpnt  intereslerl 
mo  so  miiclu  thut  I  repealed  it  with  aoothor  marked  wasp^  this 
tinm?,  however,  keeping  the  wiwp  in  the  water  t  ill  ehe  was  qoitv 
iuoti<^ial«aa  and  insensiblfl.    When  tukea  out  of  the. water  she  mob 

•  "  Joum.  of  Lina.  SoG."  vol,  xii.  p,  138. 
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;  recovered  ;  I  fed  ber  ;  ehe  went  qiiic;llj  away  to  ber  nest  as  usual, 
I  Jtnd  returned  after  ibe  usuul  tiljMi^nco.  The  nejctruorijing  this  wudp 
I     was  tJie  tirst  to  visit  tlie  bunejr." 

I  After  what  bas  been  already  stated,  the  reatlov  will  not 
l>e  earpriaed  to  learn  that  the  careful  enquiries  of  Sir  John 
Lubbock  give  no  support  whatever  to  tbe  suppoaition  tba£ 
;  tbe  Social  Insectft  biive  a  kind  of  language  of  tboir  own. 
"  Hoft>uiid  no  evidence  of  tUeir  possessing  a  power  of  t:om- 
municating  witb  one  antjtlier  by  means  of  their  antenniB^ 
or  otlierwise,  bo  as  to  enable  thein  "to  narrate  facts  or 
de^ribe  localities/'  His  otiquiries  were  carefully  directed 
and  often  repeated,  with  tbe  view  of  throwing  decisive 
light  upon  this  question  ;  and,  in  opposition  to  the  Htato- 
meuts  of  HUber  and  Pujardin,  they  seem,  as  he  says,  "to 
sbow  that  waspa  and  bees  do  not  convey  to  one  another 
information  as  to  food  fl'hich  they  may  have  discovered." 
He  adds: — **  No  doubt  wlien  one  wasp  baa  di^^covered  and 
is  vifiiling  a  supply  of  sjrup,  others  are  apt  to  come  too, 
bat  I  believe  that  they  merely  follow  one  anotbcr.  If  they 
comnmniuated  the  fact  considerable  numbers  would  at  once 
make  their  appearance  ;  but  I  have  never  found  this  to  be 
the  case,*'  Tho  experiments  and  observations  made  by 
this  skilful  investigator  with  Anta,  with  the  view  of  throw- 
ing light  npon  this  same  question  ^  have  been  even  more 
exhaustive  and  carefully  planned,  and  have  led  him  to  the 
following  conclusion* — "  When  an  Ant  has  discovered  a 
Btore  of  food  and  others  gradually  flock  to  it,  they  are 
guided,  in  some  cases  by  sight,  while  in  others  tbey 
i     track  one  another  by  ecent." 

Bees  and  Wasps  again  have  been  imagined  by  some  to 
be  in  tbe  habit  of  making  known  their  Emotions  to  one 
another  by  mcaua  of  sounds,  which  would  of  course  imply 
that  tbey  possesa  a  sense  of  Hearing.    As  previously 

*  Loo.  cit,  vob  xii.  p.  485. 
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stated  (p.  '205),  however,  tlie  Bame  observer  found  tb&t 
neither  Bees,  Wasps,  uor  Ants,  Becmed  to  take  the  least 
notice  of  the  most  varied  sounds  produced  in  tboir  vicinity. 

These  invegtigalions  of  Sir  John  LuLhock  are  tb«  beat 
that  havo  ever  been  made  to  really  teat,  by  mcaiis  of 
cuirefuUy  devised  esperiineuts,  the  adaptive  intt;iligeiict)  of 
the  Social  Insects,  ^I'hose  lustinotive  Acts  are  bo  compii- 
euted  and  mttrvellous,  and  as  far  as  they  have  yet  go 
they  anffice  to  show  U3  the  very  scunty  grounds  that  «X! 
for  crediting  them  v^ith  anything  like  Heason.  Hift  c 
perimenis  have  revealed,  in  the  great  majority  of  ease 
a  very  surpnsing  lack  of  Reason »  when  even  tbo  eli^hte 
departure  from  their  cnstomary  actions  was  alone  need 
fuJ,  in  Older  that  these  Insects — the  most  intelli^'ent  of 
their  class — might  adapt  tbemselvea  to  certain  purposely- 
altered  conditions  in  their  environment. 

(3.)  The  next  corollary  is  the  touverse  of  that  which 
hafl  just  been  illustrated.  It  is  this, — The  higher  the 
development  of  the  Brain  in  those  organisms  which  perform 
any  of  the  more  complex  Instinctive  Actions,  the  mora 
frequently  will  acta  of  *  Reasou '  appear  to  iuter^'eue  in 
their  accidental  relations  with  unfamiliar  phenomena  onl- 
aide  the  range  of  their  ordinary  instinctive  experiences. 

Kext  to  those  of  Insects,  the  instincts  of  Birds  are, 
perhaps,  the  most  remarkable^  and  as  the  Brain  and 
Norvous  System  generally  is  so  much  more  highly  deve- 
loped in  Bii'dg  than  it  m  in  Insects^  we  ought,  in  accordance 
with  the  corollary  above  mentioned,  to  find  in  the  former 
a  much  greater  liberty  and  choice  of  action,  together  with 
a  more  decided  and  more  frequent  exercise  of  the  lower 
modes  of  Beason^  Emotion,  Imagination,  and  VolitioiL 
than  is  to  be  met  wilb  among  the  latter/ 

^  It  ii  Dot  meant  fur  tho  rm«ier  to  infer  tLat  the  dislincl  mjuiifcvli.- 
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It  will  not,  WG  tliiuk,  bo  diHiLUilt  to  tiud  evidence  of  tUo 
esJsLence  among  Birds  of  an  altogttther  richer  and  mor© 
varied  series  of  life  phenomena.  Some  fow  illustrations 
will  now  be  cited. 

An  iuterestiug  story  from  the  pou  of  ihtj  Suottish  uata- 
T&list,  Thomas  Edwards^  so  much  of  whose  life  has  been 
devoted  to  the  stndy  of  the  habits  of  t!io  louver  animals, 
may  first  be  quoted.  It  refers  to  a  littly  bird  called  the 
*  Turnstone,'  which  feeds  on  the  small  Sandhoppera  of 
the  sea-shore.  The  acts  cited  seem  to  testify  to  the  exif5t* 
ence  of  a  distinct  imagination  of  an  end  desiredj  and  also 

ti<>n  of  thesQ  metita!  st>)te»}  is  not  met  with  till  come  to  aaimalB 
of  tills  degree  of  orgtmizatian.  The  sigtiB  of  Emotiou,  for  instance, 
are  moat  t/pical  in  certain  Reptiles.  K,  M.  MidJleton  says  ('*Na- 
tare,"  October  31st,  1878,  p.  tJ'Jd): — Daring  the  past  sumaier  I 
hftvekept  dve  Cbameleoiujin  cuijtivity.flTid  have  rcpeatediy  observeil 
their  terror  and  rage  vulmn  eoiifrouled  with  snakes.  When  aLirge 
AlffeHim  cbameleon,  now  in  my  poaiseaHioBj  iierceives  a  commotx 
«nake  wriifgUng  in  its  vicihity,  ho  at  otiM  inlLvtes  bia  body  and 
pouch,  avtiivB  WimaelC  backwurUs  and  for^vurfis  with  conaidt-mble 
energy,  or  walks  mijidly  away  with  bia  body  leauing  over  io  tho 
direction  farthest  from  ibo  snuk^j  opening  liia  Kiige  oaremoaa 
mouth,  and  hiaaing,  and  eren  Bnapj>iiig'  at  what  he  uvideatly 
regards  as  his  tiaturaJ  enemy.  At  the  same  Krae  bisbixly  aHaumes 
an  almost  iustantaneouB  cbanfji?  of  otUour,  and  is  quickly  covered 
vith  a  lar^re  niitnbt;r  of  small  browu  spot^.  It  i^  ctii'ii'^us  that  eveti 
dmibir  &yniptom»  of  fear  and  linger  are  diApLiyed  when  a  lizard 
or  even  a  tr»e»t'rog  is  exhibit&l  to  him.  The  climax  of  grotejjquo 
nervfiU3ness  was.  however,  reachoil  one  day  when  the  sight  of  a 
chi]d*fi  doll  produced  the  like  effect;  in  tbia  case  it  ia  probable  that 
the  Jflasfl  eyea  of  the  dolb  giving  to  it  the  appearance  of  life,  wera 
what  caused  tlii*  terror  in  the  reptile,"  The  writer  has  al&o  lately 
noticed  these  signs  of  anger  or  terror  in  the  chameleon.  The 
swaying  of  the  iMwly  backwards  and  forwards,  iogether  with  the 
wide  opening  of  ttu  enormuuB  nioutht  were  constant  featiiree^  and 
when  the  animal  was  taken  op  at  thin  time,  a  peculiar  thrilldika 
vibration  of  the  body  could  ba  diatinctly  felt. 


^TirJJcTookirijf  object.  Stooinnji  dowa  with  my 
biick»  prepured  ior  aotit>D,  1  manufjed  to  crawl  tbrc 
and  ar^ruHdi  the  shiu^le  for  a  coneiiliTjublti  vtiiy,  vrYu 
emue  in  sigbt  of  the  two  little  workers,  who  were  bu 
inj5  to  turn  ovrr  a  dead  fiflti  which  waa  fiilly  six  time 
iiuniediattily  recogiiizeil  them  ae  ttirnatoueii.  Not  t 
turb  therrir  atiilous  at  lUc  same  time  to  wiincss  theiri 
obsorviri^  thut  ^  tew  tieitrer  them  thi^na  wtw 

amunn  the  Jibit*gle,  I  cuutnved  to  creep  into  it  nnnhn 
nuw  t^iistant  fruin  tlic^m  but  about  ten  yards*  and  hud 
nnobatTved  view  of  «ll  their  moTementa.  .  .  H  ivitipf 
duwa  in  my  i>ebbly  obs^'rvntor/t  1  turned  my  iindivi 
t«t  the  LirJi*  before  mc.  Tliey  w^re  boldly  f'^'^hin^  at 
tbr'ir  billd  and  ihvtj  with  their  breoala;  their  endt^avi 
WL-re  in  vuiu— the  object  reniiiined  immovable.  t)n  f 
went  round  t4>the  o[ip<»aite  side,  and  began  to  ftcrupe  i 
from  cl^HQ  buneatli  the  ti^lt.  After  removing  i| 
quantity^  they  a^idii  ctkmn  hack  to  the  apnt  wfilch  i 
aud  went  once  more  to  wurk  with  their  bdls  and  brCi 
lu  little  apparent  iincceafi  as  formerly.  Nothing  dual 
they  rau  roiinii  a  second  timi;^  to  the  othet  aide,  and' 
thdr  treiihchiug  operations*  with  a  seeming  determi 
i>L'  batUcd  in  their  objeeL^  which  evidently  wite  to  n 
dead  animal  Iwt'ore  iherap  in  order  th;il  it  might  b*  ll 
ovurlurned.  While  they  were  thna  emplcyed.  nnd  i 
labourLd  iin  tbi»  nmnner,  ut  both  ddc»  alt«rnutely»  f<M 
an  hour,  they  were  joined  by  anotht-r  of  their  own  \ 
came  Ayiiig  with  rapidity  from  the  neighboTiring  rock 
arrivnt  was  hailed  with  evident  BiPns  of  iov.  .  .  -  -  - 
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poetiton^t  which  were  a  Utile  apnrt  the  one  from  ^tlie  oilier,  tbe^ 
resolved,  it  appear*,  to  gfive  the  matter  anotUer  tWaL  Lo-wering 
tbeoiBeivGR  upon  their  breasts  close  to  the  gand»  thoy  managed  to 
{>a»h  theiir  uudernealb  the  ti^h,  which  they  made  to  rise  to 
&l>DUt  the  name  hei'^ht  aa  before;  afterwards,  withdrawing  their 
biti^,  bat  without  loaitiici:  the  adpauiage  they  had  gained,  they 
applied  their  breaBte  to  the  ubject.  This  they  did  witli  such  foroe» 
aod  to  fiucU  purpose*  that  at  lenffth  it  went  over  and  rolled  several 
yardfl  down  a  slif^ht  declivity.  It  was  followed  to  Boine  distance 
by  the  birds  themselvea  before  they  conid  recovui  their  Lejiriqjf. 
They  returned  cagiii'ly  to  the  spot  whence  they  had  dislodged  the 
obfltacle  which  had  so  long  opposed  them,  and  they  gave  unmis- 
takable proof,  by  their  rapid  and  contintied  inoveinents,  that  they 
were  eoj>iyjn^  an  ample  repast  aa  the  reward  of  theit  induatrioua 
aud  praitseworlhy  labour/* 

Again,  a  writer  in  "Nature'**  describes  an  incident 
witnessed  by  himself  outside  an  Inn  near  BicbmaBd, 
where  eome  'Pouter*  pigeons  were  feeding,  Tlie  actions 
of  one  of  tliem  were  of  a  very  unusual  cliaracter,  and 
had  in  all  probability  been  learned  by  the  individual 
bird  itself.  It  would  seem,  moreover,  that  thuy  must 
have  beou  undertaken  with  a  pretty  distinct  notion  of  the 
end  to  be  obtained.    The  writer  saya  : — - 

"A  number  of  tliera  were  feeding  on  a  few  oata  that  had  been 
accideatally  let  fall  while  tiling  the  noae-bag  on  ahorae  Btanding 
at  bait.  Having  ^aifihed  all  the  graia  at  hand,  a  lurge  '  Pouter ' 
rose,  and,  (lapping  ita  winga  furiously»  flew  directly  at  the  horse'ft 
eyea.  caasin;^^  that  animal  to  toga  head,  and  in  doing  bo,  of 
course,  ahake  ont  tnon;  com.  I  Baw  this  several  tiinea  repeated; 
ill  fact,  whenever  the  supply  on  hand  had  been  eihautiied.^'  The 
writer  may  well  o&k  whether  this  waH  not  "  something  more  than 
coero  instinct/* 

The  maternal  affection  of  the  Bird  for  ita  young  ia  well 
known  ;  but  no  lesH  remarkable  is  the  Beason  which  they 
acinetiineB  display  under  the  prompLinga  of  this  Emotion. 
A  few  e&aniples  will  illustrate  this, 

•Ang.  21,1873,  p.  32S, 


nut  a  not  Bunny  season  coining  on  before  the  brood  n 
Ibe  reflectioti  of  the  wall  became  inaapporlable*  and  i 
]ifive  destroyed  the  tender  youngs  had  net  affoction 
expedient,  and  prompted  the  pareot  birds  to  horei 
all  the  liotter  huurs»  while^  with  win^  expanded^  and 
for  brenth,  they  screened  tha  heat  from  theii 
HpHn^f." 

Auothcr  remtirltiible  ittBtnncQ  is  also  clteil  by  the 
above  work,*  He  says During  a  wet  day,  a  1 
see^t  bocauia  ftiituraUidr  add  fell  to  tb^  ground.  It 
iinflfMiged  youtjg  ones.  A  \uidy  Trhosaw  the  ncciden 
brooib  placed  the  linlnj^  of  the  ne^t  in  BinalL  baske 
Bide]  the  window  of  Iier  dr<?88injf  room,  She  soon  hi 
of  swing  the  old  birdg  come  and  feed  their  offapringi 
was  BO  weukf  that  it  did  itot  rectnre  the  same  qunu 
the  others,  and,  conaeqnently.  when  they  were  able 
motit^  this  helpk*ea  ooe  remalnctl,  only  half  fledged, 
from  cold,  when  it  had  the  whule  neat  to  itself.  Th« 
time  nbittvr  north-east  wind,  which  penetrated  throi 
in^K  in  the  basket  work,  and  which,  of  course^  added 
of  the  poor  bird,  AH  at  once  the  oid  vw^e  ttfm'e  «ce» 
etatf  in  tht>ir  mouthSt  and  in  4  shott  time  thfijj  ha 
atfuinst  the  basket,  which  ^^eciuaily  scTtnenvd  ihe  ya 
the  cold  wind.    It  was  reared  and  took  its  flight.*' 

These  seem  to  be  uuquestionaLly  rcasone 
furtuGd  with  u  distinct  '  imagination  '  of  the  o 
tbey  yyare  to  snbaerve^  and  this»  too,  iti  the  face 
unfumiliar   conditiona.      We  hnTO.  iht^mfn 
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"Several  intereatitig  facta  hnvti  been  ccimmu]iica.led  to  me  of  tlie 
revengeful  dispoaition  of  martins,  wbeo  their  neata  have  been 
iVTuded  by  sparrowa.  In  on«  inslaTtc*,  at  Ham]>tf3n  Conrt,  a 
geallcTDaQ  inforrueii  nie  the  morning' it  took  p]uce»  that  a  couple 
of  flpatrows  K&d  halciied  their  young  in  a  mariin's  n^at.  Two  or 
three  daya  at^erwards,  a  number  of  martiba  c^mt^,  pecked  the  ne&t 
to  pieces,  Eind  be  bu.w  the  nuiledged  jonng  dead  on  the  ground 
bcoeath  the  wiadow.  In  anoLher  inBtance,  tho  foreman  of  tho 
ciirpetitcrB  ai  the  palace,  Hampton  Cottrt,  iaformeiLl  me,  that  whi!d 
working  at  hia  beach  cloao  to  llie  window,  a  pair  of  «wa!lowB  built 
their  nest  in  a  corner  of  it,  and  wheru  he  frequently  watched  it. 
When  completed  some  aparrowa  took  possession  of  ib,  and 
(l^poBited  their  egg's.  Whilo  the  hen  was  fiitUng  on  them,  aeveriLl 
martins  came  and  clofted  tip  the  hole.  After  a  few  weeks  be  bx.- 
amioed  tho  nest,  and  foaad  the  bird  dead  on  her  eggs." 

Again,  according  to  Swainson,  "Many  of  tha  parrot  fami]y  are 
well  known  to  evince  a  Btroog  and  luating  affection  towarda  each 
olhor;"ftnd  he  adds : — "  Bonnet  mentions  the  mutual  affection  of  a 
pair  of  tlioao  mlkd  love-Ui'da,  who  were  confined  in  the  satnt!  cage. 
At  last,  the  female  falling  aick,  hi^r  companion  evinced  the  slrongeHt 
marka  of  attachment;  he  carried  all  the  food  from  the  bottom  of 
the  cag;e,  and  fed  heron  her  perch  j  and  when  she  expired,  her 
anhappy  male  went  ronnd  and  round  her,  in  the  greatest 
agitatioDf  attempting  to  open  her  bill,  and  givQ  ber  nourigUmenU 
He  then  gradnally  languished  i  and  snrvived  her  death  only  &  few 
month  a" 

Bui  tbe  actioDS  of  Birds  in  dt^fence  of  tLoir  ^ouug  am 
perhaps  tho  moat  reniArkuhle,  aud  associated  with  tlid 
greatest  etrength  of  Emotion — self  Beenia  uo  longer  to  be 
considered,  danger  no  more  dreaded/*  As  Swamson  fsaya  : — 
"  Tbe  most  feeble  birds,  at  the  eeason  of  incubation, 
assault  the  etrong  and  fierce  ;  the  weakest  will  assail  the 
most  powerful.  It  is  a  well-known  fact  that  a  pair  of 
ravens,  which  dwelt  in  a  cavitj  of  the  rock  of  Gibraltnrj 
would  never  suffer  a  vulture  or  eagle  to  approach  their  nest, 
but  would  driye  them  away  with  every  appearance  of  fury*" 
And  *'  the  artifices  employed  by  the  partridge,  the  lapwing, 
(he  ring  plover,  the  peewit,  and  numerous  other  land  birda, 


TEe  BenBoriai  impressions  cupaMe  of  hem 
from  one  another  (the  wider  the  range,  tha 
mars  Cognitivo  Pi>wcrs),  the  more  occasi 
tunity  is  there  for  elementary  modes  of  I 
Yene  between  ingoing  impresaions  and  the  e 
which  tbey  are  destined  ultiinately  to  iuciteJ 
But  it  seems  clear  that,  with  the  BingI 
the  sense  of  Smell,  the  sensorial  eDdowK 
are  to  he  regarded  as  far  more  developed 
ItisectB.    Their  far-reaching  and  discrimi 
their  acute  powers  of  Hearings  together  wit 
refined  'senso  of  Direction/  must  of  ne 
npon  Birds  a  power  of  increasing  enormoi 
and  complexity  of  their  relatione  with  the  ^ 
To  these  advantages  they  odd  those  whic] 
their  longer  mdividnal  lives,  and,  above  bU 
the  fact  that  these  superior  endowments  i| 
ties  of  improvement  operate  in  concert  with 
complex  Nervous  System  which  they  hav©  j 
a  long  but  indefmito  senea  of  simpler  ftnceufci 
wonder,  then,  if  the  evidence  should  seem  1 
w  hile  the  instincts  of  Birds  are  perhaps  ] 
their  adaptive  intelligence  or  Beason,  and 
and  definitoness  of  their  Erootiona.  are  d 
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Imagination,  and  Volition,  on  the  other  hand,  as  mere 
higher  developments  arising  out  of  previous  processes, 
have  their  seed-time  in  all  that  is  unfamiliar  among  the 
chance  Sensorial  Impressions  which  Animals,  whoso  '  ex- 
perience *  is  growing  and  whose  Nervous  Systems  are 
developing,  are  accastomed  at  intervals  to  receive  from 
the  outer  world. 


12 


CHAPTER  XVI. 


THE  BlUTH  OF  QUAPEUFEDS  AND  SOME  0TB 

A  OEEAT  advance  is  to  be  met  witb  in  thi 
of  the  Brain  in  pa&Bing  from  Birds  to  Mamn 
lower  to  bigber  forms  of  the  latter,  Tbei 
difTerciices  in  external  conformfttion,  and 
differences  only  to  be  detected  hy  diaset 
organ. 

External  Difierences. — The  ^firgt  and  m) 
of  tbcse  peculiarilics  is  the  increasing 
Cerebral  Lobes  or  Hemispheres,  In  lowt 
tlipse  parta  Bcareelj  eictend  far  enough  bad 
Optio  Lobes,  \\hilfit  in  higher  terms  of  the  ii 
only  bide  tbcse  bodies  complelelj,  but  also 
tlie  more  developed  Cerebellum.  The  Ce 
BphereB  in  Quadrupeds  also  tend  to  becot 
more  plainly  indented  by  certain  primajj  { 
'  fisanrea/  hx  whi^^h  ihov  are  divil^^^i^  infji  v\ 
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Bpheres,  will  be  found  to  itttain  ibelr  luaximum  dcTelop' 
tnent  in  Man. 

The  third  external  pecu- 
liarity i3  a  conscqueuce  of 
the  second.  It  consists  in 
the  gradual  incrcaBc  of  tlie 
'pons  Varolii/  a  part  of 
tlio  lirftin  whicli  strptchos 
ncro8s  the  inferior  surface 
of  the  Medulla  in  a  bridge- 
like  fashion.  Hence  ils 
name — coupled  with  that 
of  one  of  the  earlier  ana- 
torai!>ts.  This  structure, 
^  hich  was  formerly  believed 
to  be  merely  a  great  trana- 
TersG  comniissuro  nniting 
the  lateral  lobes  of  the  Cere- 
belluni  with  one  another, 
becomes  well  tlcrtloped  in 
higher  Quadrupeds  and  in 
Cetacea,  though  it  is  repre- 
Beiited  in  Birds  only  by  a 
few  barely  perccptiiilc  tibrea. 
Its  true  nature  will  be  more 
correctly  defined  in  the  de- 
Bcriptiou  oflhe  hunianbrain. 

Internal  Differences. — 

Only  a  few  of  the  most  iin-  Sfrftml  cord  in  NimatUiJi  frtim  which  Ncrv«i 

portant  and  obvious  of  Uiese  through  lowcrdo^^ir^  .s.  socu^i 
can  be  here  referred  to.       tim^ugii  luiubar  «woi]in|[  of  curi  KucJj  ot 

(1,)      llie      two      Optic  'grey' giujifljoiiic  ttwttorwiUiifl  tbo  Sjiiujil 

Lobes    beconie    relatively  *'*"^' 

smaller  in  higher  Quadrupeds,  though  in  all  of  them  they 
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are  mora  or  less  deeply  indented  in  the  transrerse  ittrec- 
tiou,  by  a  dcpi-esBiou  or  f^roovo  which  thus  divides  llioni 
into  four  rounded  swellings,  answering  to  wLatj  in  hifilit-r 
animals  and  in  Man,  are  known  as  the  *  Corpora  QuBdii- 
gemina.'  Tho  cavity  existing  within  them  iu  lower  Ver|^ 
bratea  now  becomes  reduced  to  a  mere  passage  hetweew 
tho  tbiid  and  f^jurth  Voutricbs. 

(2.)  A  great  transverse  commissure,  connecting  the 
Cerebral  Lobes  with  one  another,  appears  as  a  nidi- 


belLum.  o,  Opt\a  n«rVQ  ;  vt,  molDr  c«cull ;  j>,  fourth  nnrrc;  Aflli  tif^rYs;  k,  aliLb 
n«rv«; /,  CncLal  tien'u;   t,  tinditorj* ;  g,  yLiAiiq-pliKryitgvAl ;  r,  v«it{%Ls;  j«  ctxna)- 

meiitary  structure  in  lower  Qufldrupeds  and  gradually 
increases  in  siao  in  bif^hor  rt'prcRentaLives  of  this  class. 
It  is  known  as  the  Corpus  CoUosum.  This  commissure 
principally  connects  the  upper  parts  of  the  Cerebral 
Lobes,  and  Boon  couies  to  form  the  roof  of  the  two  great 
'lateral  ventriclen.' 

(8*)  A  double  ct>mmiasure,  known  as  the  Fornix,  appears 
and  gi  adoally  becomea  more  developed,  as  anot  her  boundary 
of  the  '  lateral  vt-ntrieles/     Long  ei-roneonsly  des^riUd 
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as  a  double  longitncliual  commissnre,  its  litilvcs,  in  reality 
(after  a  Tciy  irrej^ilar  courae,  the  direction  of  whicli  vnriea 
in  different  animals),  connect  in  eiicli  Cerebral  Lobe,  parts 
that  are  nhnost  situalcJ  in  tbo  Fame  tranfiverse  ^jlane. 
The  natiiro  of  tbese  purts  and  the  other  rtdfttions  of  the 
I'ornix  will  bo  given  further  on  (p.  272),  and  also  in  the 
description  of  the  con'Ofipondiiig  strncfcure  in  tho  bnman 
brain.    Its  relations  are  of  a  complex  order,  so  that  its 


rin,  70.— Uratiicf  A»oiill.  fOwea)  u,  Wcdulk  :  fonrtb  tentriclo:  t,  medlnn, 
uid  rf.  ]a.t«T>U  loljcB  ot  Curcbclliim  ;     CcfaVinil  !IeiDl«j*horo  ;  /,  olfat'tor/lolwB. 

Fit;,  7L— Bmlti  of  B#iiver.  (Owbu.)  Tlie  upyi^r  pnrta  of  tlic  L'crubml  HcmiftjilierBB 
linvo  tioun  cut  Awnj  to  tbo  level  of  tho  'corjum  ciJlofciijn,*  su  as  to  show  tlibigTiiat 
LiaEuvE^:^  cummjiiaure.   v,  Flnoal  body;  B,  nirpum  qnoiirigvmjBA ;  C.  cenbdlluni. 


fuller  description  will  be  better  resen-ed,  It  is  necessary, 
however,  hero  to  state,  that  it  mostly  lies  beneath  the 
'  Corpns  Callosum,'  and  is  closelj'  connected  with  this  great 
transverse  commissnre  posteriorly,  though  in  passing  for- 
wards the  two  structurea  diverge  from  one  another. 

(4.)  In  the  space  left  between  the  Corpus  Callofium  above 


rjg.  70, 
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(fig*  72,  c,  c)  aud  the  diverging  Fornix  below,  are  two  thin 
vertical  and  almost  parallel  septa.  These  septa  represent 
tlie  inner  walls  of  the  '  lateral  ventricles  '  and  constitu 
parts,  therefore!  of  tha  eoBtigaous  inner  faces  of  the  t 
Cerobral  Lobes.  They,  tog^ether  with  the  gre&i  tran 
verse  commissure  above  and  the  Fornix  below,  form  t' 
honndaries  of  a  narrow  and  BomewUat  triangular  cavttj 
known  as  the  '  fifth  ventricle.*    This  amall  ventricle 


Flo.  79.— Bnitii  'i>r  Hrme.  Inn^t-tidlnnl  seftlnn  tlimti^  !t«  wntm,  ■howing  lotmul 
stirbtoe  of  Cercbml  Ilcmlapbcre.  (8i»U>%  afur  Lcuret.)  c  c»  (.'-orpiM  inUwuin;,  brprtcn 
It  and  this  FoniU  beloir  aiirl  behind.  U  tho  '  Mth  vculHcle.'  J^  ThaUlniu:  c«,  thm 
TuMdl'fl  or  Hoft  c^mniitmin ;  fi?,  ccrrHirn  qiiHdrtgrtnini,  In  imtit  at  vhich  i>  th« 
rine^  body,  wfth  nbu  of  'pedunclea  '  patu^ltiiT  tarwanU  it]otiE  tl^e  U|>per  bCfdCT 
tlic  corrcflpontlliig  Ttt^ilarntw,  and  iKtLiod  it  ihe  vnt  aurfuco  of  the  lulddlo  k4»  vt 
tho  CtiRbcUum.    r,  OlrncUjrf  lobe  ;      olivnry  l^wiy. 

qoite  different  from,  and  also  quite  unconnected  wilb.  th« 
ot-her  four  brain  cavities,  which  are  all  of  them  continuons 
with  one'  another — a»  are  the  corresponding  notecedent 
t'avities  met  with  in  the  early  devolopmontai  phases  of 
the  brain.  But  the  *  fifth  ventricle  '  obvioualj  could 
come  into  existrnce  till  the  Corpus  Callosum  and  Fornix 
Lad  become  developed*  CoBsequently  no  such  cavit" 
exists  in  Birds,  lieptilcB,  Amphibia,  or  Fishes. 

•  The  orrnngenietit  i>f  t^es«  contr-al  parta  of  ibe  Braia  in  lower 
Quadrupi:da  hna  hi>en  well  dpscriUd  and  figured  hy  Prof-  Fluwifr 
ill  the  Philoaoph.  Tratie,  for  1660. 
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It  must  not  be  supposod  that  anj'tliing  like  a  regular 
Bcrial  order  or    progression  is  to  be  observed  iii  the 

i'  devoloproent  of  lli^  Brnin  amoiif^  Miiuirauls.  In  tijo 
higher  types  of  lower  orders  it  will  often  be  found 
belter  developed  than  anioi^g  the  lower  types  of  higher 

I  orders.  Sti]I  if  wo  compare  the  extremes  of  the  class — 
that  is,  higher  "with  lower  Mammals — a  great  increase  in 

I  the  developmental  complexity  of  the  organ,  or  in  type  of 
Brain,  as  judged  by  the  hnman  standard,  will  becomo 
perfi^ctly  obvious. 

Tho  ratio  of  the  weight  of  the  Brain  the  weight  of 
the  body,  is  subject  to  great  variations,  from  ditrerent 
causes,  so  that  a  table  of  such  ratios  does  not  give  any 
truHtworthy  information  as  to  the  relative  devdopinent  of 

f  the  organ  in  differezit  species  of  animals.  We  may  be 
able  to  deduce  some  kind  of  rough  average,  EuCQcing  to 

■  indicate  its  increasing  development  if  we  compare  class 
with  class—as  Fi.sbes  with  Birds^  or  Birds  with  Mammals 

I    —bat  in  detail  and  for  estimating  the  relative  develop- 

1  ment  of  the  Brain  in  ditTevent  species,  its  indications  aro 
of  littlo  or  no  value*  This  may  bo  illustrated  by  the 
following  table  in  which  some  of  these  ratios  are  given  : — 


Greet]  lund  Wliale 

,  1 

Orriilhoi^ncliua  .       ,  1 

13f> 

Oi     .      .  . 

.  1 

%  860 

Porpoiao     .       .       .  \ 

93 

Gn*at  KuDgaroo. 

.  1 

;  800 

Bat    ,       .       ,  .1 

76 

Wombat 

.  1 

:  CU 

Chimpanzee              *  1 

m 

Elepliartt  . 

.  1 

;  500 

Mun  .       .       .  ,1 

m 

Florsfi .  « 

.  1 

:  400 

Field  iVCoase       *       .  1 

31 

Sheep .  * 

-  J 

:  :ihQ 

GijldHnch  ,      .  .1 

Dog   ,      .  . 

.  1 

:  300 

Marmozet  .       .  ,1 

22 

Cat  , 

,  1 

:  i:.6 

Canary       .       ,       ,  1 

Rabbit 

.  1 

:  UO 

Blue- headed  Tit.       ,  1 

12 

It  is,  of  cours 

e,  obvions  enough  that  the  order  indicated 

in  the  above  series  is  one  which  does  not  con'capond  with 


IfTct,  tbat  in  aiiimalB  of  any  given  orderj 
weight  of  the  Brain  when  passiDg  from 
to  its  lurgLT  representatives,  does  not  iiic 
in  the  aame  proportion  as  the  total  body-wc 
animab.  Some  striking  illiiBtraiions  of  tL 
beon  cited  hy  Professor  Owen.*  Small  and 
seutatives  of  the  same  order  of  aniLuiils  are 
joined  list,  bracketed  together,  in  ordt>r  to  she 
groatcr  is  the  ratio  of  briiin-weight  to  body-v 
diminutive  forma. 


Very  amall  Arur*iipial  |  1 

Gtuiii  Kangaroo       .  J  1 

Small  Ant'^Hter       .7  1 

Grrat  Ant't^iiter,      .  )  1 

Pygmy  Chevrotain    .  |  1 

Giriirtb       .       .       .J  1 


25 

Eock  Coney 

800 

Ithinocvroa 

60 

Weazel 

Grisly  Bear 

SO 

M&rmozet 

900 

GoriUa  . 

In  part  cxplaorttuin  of  these  very  intorestin 
ties,  Prof,  Owen  advances  the  following  hi 
Brain/'  he  says,  **  grows  more  rapidly  than  ifa 
is  larger  in  proportion  thereto  at  birth  tl 
growth.  -  ,  ,  ♦  So  in  the  degree  iu  whic] 
retains  the  tpimaturo  character  of  dwarfishuei 
is  relatively  larger  than  the  body."  This  maj 
extent  an  explanation  of  the  peculiarity  ^ahiM 
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liaritics  of  the  fcovernl  parts  of  the  Biftiu,  ns  met  with  in 
different  represoiitatives  of  the  great  class  of  Qundrupeds* 

The  Medulla,  Iho  Cerebellum,  and  Ihe  pons  Varolii, 
are  so  intimately  related  to  ono  another,  hoih  struc- 
turjilly  and  functionally,  that  tlicy  may  hvro  he  regai'ded 
as  constituting  one  compound  division  of  the  lirain. 

There  13  nothing  fipeciul  to  he  eaid  concerning  the 
Medulla,  iti  Quadrupeds,  except  that 
the  lateral  projections,  known  fi-s  *  oli- 
vary bodies,'  gradually  become  more 
developed  (fig.  72,  0),  In  many  ani- 
muhf  a  layer  of  fibres  on  each  side, 
known  as  the  '  corpus  Irttpezoidcum  * 
(fi^-  73),  crossoa  these  etructures  and 
partially  hides  them.  In  higher  Qaad- 
rupeds,  however,  such  traDsversc  fibres 
croas  the  Medulla  at  a  higher  level  or 
appear  to  be  absent  (fig.  7-1).  Where 
thi»  is  the  case  the  '  olivary  bodies  *  are 
uncovered ;  uiid  aa  they  also  become 
larger,  they  may  form  rounded  promi*  fio.  73.-Brtin  or  luiuirtt, 
nences,  oupon  each  side  of  the  Medulla,  "■''i-  -.urW  ts^iiy  •fre^ 

The  above-mentioned' corpora  trapc-  i.  LobL-of  tijenij.pr,caiiii>ija. 
zoidea,'  nsually  cross  the  Medulla  at  the  .^[I^TcT^-.^'^.r'^^^ 
level  of  the  '  oridn*  of  the  auditory  and       :  »«.  wrp^a  raamniil- 

.   ,  ,,,,  *      •         '  J' c.  CTUM  corol*rl ^  pr, 

facial  nerves,  1  hey  are  very  distinct  ixmsvoridii ;  6  (.wrpu*  lto- 
in  the  Lion,  the  Dog,  and  tbo  Sheep.*  ^ll;;;";,,  Sr^'o^t?" 

The  upper  part  of  the  Medulla  is 
bridged  above  and  closely  embraced  by  a  much  1  bicker 
mass  of  fibres  known  as  the  pons  Varolii,  the  develop- 
meiit  of  whith  in  different  Mammals,  is  fouud  to  be  strictly 
proportionate  to  the  development  of  the  lateral  lobes  of 
the  Cerebellam* 

•  ^ec  TiedeoianQ's  ^Icone*  Cerebri  Simiarum/ Tab.  HJ  and  vi!. 


 '  '  

marked  by  deep  tmnsvera^  tissaree,  giving  rii 
of  nearly  parallel  convolutiouB,    Its  *  lateral 


f,  ytitoTiur  inferior  lobe^  q,  HmygdiUotJ  Ivbe,  oiid  A.  loccullUtiUl 
I.  * ,  Corobr*]  fifriuoclw  i  p,  cflrpus  albicuna :  o.  p^tuitAt^  body  j  i 

J«lld  /,  antcTlar  lahc  of  Cfilrbrvim.   Olfactory  biitbx  nhnmit ;  i.  u[itM 

ii9m»  of  eyaa  (fimrlb  neiro  bp^ean  from  hWre  tlio  Cerolwllul 
5»  Um  Irfgnuliiiu;  6,  tb«  sixth  nam;  T<  tlw  fiwlnt,  and  8,  tho 
0. ^qv>|ihAryiiK«il ;  IQ,  vagus;  ll.ipind  wee—WT;  IS* liy|>«vloM| 


than  the  nioflinu  lobo.  In  SolipeJes,  Enminnnts,  and 
Carnivores,  tlio  lateral  lobes  also  begin  to  surpass  tba 
median  in  fdze,  U'Uis  iucreaso  is  verv  notable  amoag  the 
Irttter  ia  ilio  Cat  (fi^^  7J»),  »n(l  also  m  the  Dog  (fig.  80) ; 
liut  it  is  still  more  markttl  in  nuiuy  Cetncen,  such  aa  tlio 
Duljjhiii        74j,  nnJ  the  Porpoise  (fjg.  77). 

Flo  Tfl, 


Fw.  TS.— llrntnof  tho  IJotse,  tij>pdP  mrpMt*   {Owen  ) 

Plu.  'R.  — Bralu  of  lUa  llurc,  uppsr  oniioct.  (ftiiunbdlm.) 


It,  OJfftfltury  IiibcB ; 


lu  Bomo  SoHpedes  and  Carnivores,  tho  Cerebullum, 
instead  af  consisting  of  broad  and  comparatively  smooth 
lateral  lobes,  together  witb  a  narrower  aud  much  divided 
median  portion  (Kg.  77),  i^.  fl«  Mars^hall  says,*  **  very 
mieTeu  upon  its  Eurfacci  apparently  cunsistiiig  of  a 
♦  •*  Oallineis      rhysJologv,"  vol  i.  p.  11  1. 
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cluster  of  many  inoguliir  and  deeply  foliated  lobules/ 
This  kind  of  conformation  is  represented  in  lig.  75*  I 
the  jimrvelloiislv  active  Bat,  the  CerebGllum  is  very  lar 
in  proportion  to  the  size  of  the  Cerebral  Lobes — thong 
in  ibis  niiimnl  it  eecms  to  be  the  median  portion  whir 
becomes  so  highly  developed  \^g.  78) 

Between  the  under  surface  of  the  median  lobe  of  the 

Corebellam 


and  the  back 
of  the  Medul- 
la, tliere  is  a 
sntall  iozenge- 
Bbaped  space, 
known  as  tho 
*  fourth  Ten-' 
Iriele,'  formed 
by  the  diver- 
gence of  what 
were  the  pos- 
terior columns 
of  the  Spinal 

Pjfi,  J7,-Hniln  of  the  P.>nx>Jtfc,  with  Umj  upjw  hait  v(  the  Cord,  and 

loft  ttcmi«phcrs  cut  nvAy  hu  iwi  to  bIiow  the  content*  vt  tb«  rnnn^ntiAiif 

Uiicral  Ventricle,  CSolly)  1,  Out«rwikll..f  Vttitrtele ;  %CitFiM»  tuiiattjueut 

tjitriatum  ;  3,  Farnix;  4,  &,  interior  lUtd  p^t«Hor  »^m«nU  opening  QV 

fif  riiuulri^mlbal  bodies, ;  6,  oorpuj  raJIrwnm  ;  7,  Cerebellum ;  r                  .  1 

«.  spioax  Cord ;  a,  ruieai  huAy.  f>t  "8  Central 

cnnul.  The 

lower  extremity  of  this  space  may  be  se^n  in  fi^s,  70,  8Q, 
The  size  of  the  Optic  Lobes,  in  proportion  to  the  r«st 
of  the  Brain,  is  very  much  less  in  Quadrupeds  than  it  is 
in  Birder  and  this  ratio  goes  on  diminishing  as  we  pass 
from  lower  to  hij?her  representatives  of  ih©  former  claas. 
These  bodies  have  a  greater  proportional  size  in  Marsopials 
and  Rodenta,  for  instance,  than  in  Ruminants  and  Carni- 
vores.   The  cavities  to  bo  found  in  their  interior  in  Bii^s 
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and  lower  Vertebrates  havo  nlmost  ceased  to  exist.  The 
transverse  depression  whick  divides  the  two  bodies  iato 
four  (*  corpora  qnadrigemma  thouffU  preaent  iu  all  Qaad- 
rapeds,  dind<»3  them  variously.  Thus  in  nearly  all  the 
lower  classes,  well  as  in  most  Rumi- 
nnnts  and  Solipedes,  the  anterior  SE-gmentiS 
are  larger  than  the  posterior  (fig*  81) ; 
while  in  Carnivora  and  ia  some  of  the 
Cetacea,  such  as  the  Porpoise  (fig.  77),  the  /"i  I^"  ^' 
posterior  segnienta  arc  usually  the  larger,  (s^.iiy.j  a.  oKsctory 
III  njauy  Qoadrupcds,  however,  the  anterior  UMiUpbere^rf!^* 
and  the  posterior  sen^ents  are  nearly  etiual  ty^nimi ;  h,  hpIubi 
in  size.  The  degree  of  development  of  the 
posterior  segments  seems  to  be  often  iu  accordance  with 
that  of  the  Cerebellum  with  which  they  are  in  clos^ 
structural  conncrtion. 


Fio.  80. 


W  Tio.  75.— Cerebellum  of  the  Cat,  miper  and  poiilerJ<ir  lupfpt.  {Perrlw.) 

I  Th( 


'v7 


hi 


The  Cerebral  Hemispheres,  naiTowed  in  front,  are 
more  or  less  elongated  and  ovoid  in  form— except  in  Seals, 
PorpoiBea  and  Dolphins  (figs.  77,  101),  in  which  the 
transTerse  diameter  of  these  ee^^menta  may  even  exceed 
the  longitudinal.  They  are  relatively  small  in  the  lower 
orders  of  Qaadrupeds,  as  may  he  seen  from  tho  figure 
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of  the  brain  of  the  Kaugaroo  (fig,  6ft)  *  tofjether  vitb 
those  af  tho  Hare  and  the  Squinvl  {fi;^s.  76,  82).  In 
those  animtila  thuy  Icftte  tbo  '  oifctoiy  lobes  *  more  or 
less  uncovered  m  feont,  and  Eoraetimea  tlio  *  ri.*r{)ortt 
qiiiulngoiwioa  *  in  the  saiiio  condition  beliiud*  liut  in 
ituminunts,  S(.>lipedes  aud  Cjimivorea  (li^ft.  Oi,  72^87}  ihe 
t'oreljiiU  Lobea  increase  in  size,  so  as  not  only  to  cove 
tho  before- named  bodies  in  front  and 
behind,  but  also  in  part  to  overlap  the 
Cerebellum* 

In  tho  Seal,  the  Porpoise  aitd  the 
Dolphin  (liga.  77,  101 1,  Ihe  Cerebral 
Hemispheieg  undergo  a  still  more 
marked  increase  in  siKe.  In  these  ani- 
mnh,  also,  us  well  m  in  Qiiadrnmana 
and  MaU]  we  no  longer  And  a  distinct 
*  pyrifonn  process/  recognizahlo  as  a 
jmrt  of  each  *  temporal  lobo '  at  its 
Fin.  ai  -  Biain  oi  the  uudcc and  inner  surfacfi — sncbaaexists 
na«d  lo  ii  to         ihc  in  the  ttijijonty  of  the  lower  forms  of 

i.*«TObnu*im ;  M.  corpii*»tri.i-  Theso  liodios,  which  hare  also  bf^en 
corpom  qusdritfsmiiui,  iniHied  *  liiprocampul  lobes.  are  merely 
the  lowest  portions  of  the  Tempoml 
Lobes  nnore  or  less  separated  from  the  remainder  by  a 
superficial  deprt'ssion.  Tho  continuity  eiistinjj  Wtwcen 
tho  Olfactory  Peduncles  and  these  parts  of  Iho  bruin  is 
l»arlicularly  well  marked  in  tho  lied  Coatimondi,  the 
A^^onti,  the  Porcupine  and  the  Watf  r  Rat,  as  may  ho  seen 
from  the  fignrea  given  by  Tiedcinann.  This*  connection 
is  also  indicated  by  our  fif^g,  69,  75,  82,  93  and  94. 

Those  'pyriform  procosaea*  are  hollowed  by  epups  of 
tho  Ifttenil  vcntricies.  lu  the  animals  in  which  thev  aro 
well  marked,  ihe  Olfacton"  Peduncles  and  Lobes  aro  like- 
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wise  well  ileveloped  hollow  structures,  as  they  are  in  many 
Reptiles,  The  size  of  the  *  pjiiform  processes  '  in  Qnad- 
rnpeds  ib^,  in  fact.,  •generally  iti  diruet  relation  with  that 
ol'  the  Olfactory  Lobes,  uml  these  are  especially  well 
{Icvelopcd  in  Hadents,  Kuminants,  and  certaiQ  CarnivoreSj 
while  lliev  are  ab- 


Bent  nltog{3ther  in 
Homo  of  the  Ce- 
tacea  (fifj.  74), 

Tbo  more  mi- 
Dutc  description 
of  the  external 
BLirfrico  of  the 
Cerebral     Ilemi-    Fia^^2.  -ncn4midbmiaar  Kflqulmi1.sri«vlcw.  (Sallj.) 

spheres,  corapns-  n,  nvu^ai  cnrj. 
ing  some  ac<:oiint 

of  thchr  '  figsurea,*  'loiL's,'  and  *conTolutii>na/  may  for 
the  moment  bo  deferred,  till  we  have  first  given  some 
attention  to  tlio  Ventrielus^  CanuuLSBures,  and  other  inter' 
nal  parts  of  the  Brain. 


internal  Topography  of  the  Brain  in  Quadrupeds 
and  some  other  Mammala. 

Each  Cerebral  Lobe  or  Hemisphere  cnntainfl  a  Lateral 
Ventricle,  the  size  and  shape  of  which  ia  rery  variable — 
these  being  in  groat  part  dependent  upon  the  general 
form  of  the  Hemispheres,  and  ui>oii  the  reJative  size  and 
shape  of  the  ganglionic  promioencea  which  the  Ventricles 
contain.  Aa  alrejidy  mentioned,  in  Qnadrupcds  possessing 
very  lar^e  Olfactory  Lobes^  prolongations  of  the  Lateral 
VentricleB  extend  into  them  through  their  'peduncles,' 
from  those  K]->ur3  whitih  stretch  downwards  into  the  corre- 
spondin^j'ly  developed  '  pyriform  processes/ 
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At  t!iG  antenor  part  of  the  floor  of  cacli  Lftleral  Ven- 
tricle, is  the  rounded  prominence  known  as  the  Corpaa 
Striatum.  These  bodies  vary  much  in  size  in  animals  of 
difft-rent  oiders.  They  nre  small  in  Marsupials,  uuJ  are 
in  them  partly  overlapped  b}-  another  well- developed  pro- 
jection knoM-n  as  the  Hippocampus  Major — a  body 
corresponding  with,  and  produced  by,  a  deep  depression 


Fio.  SJ, 


Pin.  S3,— Bnlu  of  n  Ch«lonUn.    ?W.  84,— Braift  oT  ■.  Fo»Ul  Calf     Fia  65,-  BrsiD  «f 

ThoMo  thrM  IVi^iks,  from  O^gi^hnitor,  iUiiKtr\t«  tlie  oompanitln  daT«lfitnTi«i)t  of 
tUv  (.'ervlDf^l  Ht!inisi4>0Hi  Mid  iMUt«d  pttrtn.  In  F^ga.  Kl,  64,  tlio  roof  of  the  L4l«ml 
in  ncmii^md  □&  tlia  )cft,  and  the  rorDlic  Einrl  Hlppc>crui]|)ii»  :i|jh>  oti  tJticr  rigliL 
til  ¥it.  W  th&wbtiki  lulem!  upd  j^ftlfrior  purllon*  of  tho  right  HcrmiBrtKiT  mrs 
rcmuttd,  auid  lu  much  uu  tb«  luit  jut  in  ti<'ra!iAiirj  to  dJ^pl.t^  the  upvaid  bondol 
tUa  Hl)>pocampni.  In  all  tho  j^iipircs  1  tnnrk*  tho  CotoIipiI  Bcmlsjjlicn) ;  II, 
l)h;il«Biti)i :  I[[,tlie  Corpor*  Qiudrl^mina :  IV,  The  CtirotMttiiTQ  l  V,  tko  HeOulU^ 
^l,  OlfactoTF  Itibo  (shewn  in  Fig-  83  h  TOnimiinlicAIng  witli  Iba  Lntrml  TeDtrldnh 
f  t,  Ojtpu*  ^tdntum ;  /,  Fornix  l  A»  n lppocttiii|iiu ;  ir,  faunh  rentrtcta  ;  jr.  goalculatfl 
W>'. 

or  flsBore  on  the  inner  surface  of  tho  Hemisphere — the 
*  lissnre  of  the  HippocampiiH.'  In  Hares  also  the  Cor- 
pora Striata  are  small,  while  tlie  Htppocampi  are  large. 
The  tatter  bodioB  are  remarkable  fur  their  great  si^e  in 


tlitt  Beaver.  The  Corpora  Striiita  are  saiil,  Ly  Staunius, 
to  l>e  large  iu  iJata, -in  many  Rodents,  aiul  also  in  the 
Edentata. 

Coziti^^iioyf*  luifl  pOHtcriur  to  eauh  Corpus  Stnatum  ia 
another  rouiidoil  eminence,  sometimes  called  the  *  Optic 
TLalamuB/  bat  which  it  will  be  far  better  simply  to 
ievm  the  Thalamus.    These  bodies  have  previously  been 


Fia.  M.— Tbtf  Bnln  of  tbe  Dolphin^  wtth  the  upper  pArt  of  tLo  K#nibphem  eut  uff 
— nlwv*  tht  of  Um  Vcntiicl«  on  th«  loft,  und  »>  aa  abuw  thU  cnvlCy  thv 
right  (OMrcti^  uftcr  TiedetdlldnJ       Orpiu  dallc^mn  ;  e,  c,  bottom  ot  aurlace 

AtMires  go*  'mid,;'  tt,  CarpuK  t^trtntum;  A,  flippacrimpuA,  wHii  ttA  unusually 
brcMd  free  bonlor  <tt   lastkl*  '  (r>  truhtluucd  Into  tlic  Fuinix  ;  j/,  ThALuuu9» 

referred  to  in  Reptiles  and  Birds,  where  they  fii-st  show 
themselves  as  projections  developing  from  the  upper  iind 
inner  aspects  of  the  Cerebral  Pedunelea:  in  Qiiath'upeds, 
hoT\'cver,  owing  to  the  backward  extenfiion  of  the  Cerebral 
Hemiapberes,  they  seem  to  beconie  included  within  these 
and  to  project  into  the  inner  part  of  the  floor  of  each 
Lateral  Ventricle.  But  in  reality  they  lie  outside  theBe 
parts.  They  are  overlapped  by  the  '  rclum  interpoBitum,* 
a  membrane  constituting  the  roof  of  the  Third  Ventricle, 
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and  ftlso  by  the  'fornix'  and  'Ijra,'  the  description  of 
which  tviU  shortly  fallow.* 

BeUveou  the  contiguous  inner  surfjicea  of  tho  Tlialami 


Pic,  ST.-Thc  Crrobral  Hirralsfhtfto*  of  ih*?  Dug.  Bopnmt^.  alter  dtTirioti  nf 
CurpUi  L'nlltMurii.  to  cxpi^D  t)ic  VeuTriclc*  hchI  D4Mt  Gmi^rHik.  fFtiniarl 

3,  lEiterDol  fftffoco  Df  LoTt  Hemtjjj'Licn:  ;  'J.  t'critlis  t^trLitum  ^  a,  lluilfLmiita  ;  1^  \ 
corpora  qimdrlf^qmlnA, ;  antorior  plllnr  uf  tho  fcnilx,  divtiled  un  thu  Ivft,  I]nt1l«i4e4 
on  the  HtfbC  lUla  Ci:!);  7,  tho  tbUd  vcnlrlde,  c»po«ed  by  drawing  tb^  tbatunt 
MUnder;,  S,  the  "ppur  fturfnati  t>f  Lli«  L^rtibollurd ;  l>.  olfnot^xj  lobe  ur  buUi ;  10^ 
■Atttiv  CMDinUiKn) :  lit  corpui  cnll'.'Bimi,  dlvfieij;  1^,  middlo  c{imtiil»«ttn).  rt' 

tviH^llig  iUirna*  th«  tbiM  VCntHcICr  .  14,  plJlCAl  ^^dy^  Ijiltg  Ovor  and  vtnKnnllzqi  UM 

ponKtior  comakaiire ;  1-^,  dcacenilUij;  tonitt  of  the  labsmL  v>eDtnc1«, 

there  is  a  narrow  space  known  as  the  Third  Ventricle 
[ligs.  72,  ;j;  87,  7).    It  is  situated  bdow  the  li^vel  of  th 
Luterul  Yentrioles,   though  each  of  these  opona  into  i 

*  By  reference  to  fig.  87,  it  will  be  seen  that  the  fornix  (12) 
cnjiBlituteg  the  inner  and  poiiterior  hotindury  of  tho  CVrebrml 
IIcnii«phQrc.  and  that  tlie  ThalumnB  (3)  hes  quite  outaide  it  and 
its  Ventricle — ihongb  the  inspoctinn  of  a  horiioatal  ftoction  of 
the  hemisphere,  in  fig.  SO,  might  rise  to  an  entinly  o]>po«itfl 
impresaiott. 
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anteriorly  tbrough  the  '  foremen  of  Moaro**  Bebind,  it 
is  continuous  bj  menus  of  a  passage  beueatli  tbe  Corpora 
Quadri^emiua  (fig.  72,  t  q)  with  tbe  Fourth  Ventricle.  The 
Third  Veutncle  is  likewise  continuoua  below  with  the 
•  itifundibulura  '  of  the  Pituitary  Body,  At  its  post^irior 
and  uj>per  boundary  ia  tlio  peculi&r  pyriform  structure 
kuown  RB  tbe  Pineal  Body,  ^bich  is  attached  by  two  loug 
peduncles  to  the  upper  and  inner  borders  of  tbo  TbB.]ami 
(fig.  72).  This  body  itself  lies  against  and  just  in  front 
of  the  Corpora  Qaadrigeminn  ;  it  is,  in  proportion  to 
other  parts,  decidedly  smaller  than  the  correspoDdiog 
structures  in  Eeptiles  or  Birds.  It  ia  extremely  small  in 
the  Habbit  aud  some  other  Bodonta. 

Tbe  dislinct  Ctimmissuree  aeoB  in  or  in  eonnectiou  with 
the  Lateral  and  Third  Ventricles  are  five  in  mimbcr.  Of 
these,  three  arc  to  be  found  also  (though  in  a  Tory 
rudimentary  condition)  in  some  of  tbe  lower  Vertebrates, 
vbile  the  two  others  appear  for  tbe  first  time  in  Quadru- 
peds, 

Tbe  Anterior  Commissure  ia  a  band  of  fibres  of  vari- 
able thickness,  -^bich  str£>t.cbes  acroas  the  auterior  and 
upper  boundary  of  the  Third  Veutricle  (fig.  87,  10),  and 
penetrates  deeply  through  each  Corpus  Striatum  to  certain 
flurface  regions  of  the  Cerebral  IlemiBpheres.  It  is  larger 
in  Marsupials  and  Monotremes  than  in  any  other  Mam- 
mals, and  in  higher  representatives  of  the  class  it  is 
usually  thickest  in  those  aniraals  which  have  well-developed 
Olfactory  Lobes,  since  it  seems  to  be  a  comnusaure  serving 
principally  to  bring  the  two  cerebral  centres  of  tbe  sense 
of  Smell  into  relation  with  one  another.  In  part  it  con- 
nt^ts  the  Olfactory  Peduncles  with  one  another,  audio  part 
it  serves  to  bring  into  relation  those  regions  of  the  braia  in 
each  hemispbore  in  and  about  the  Hippocampi,  to  which 
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the  majority  of  the  root  fibres  of  such  traclB  proceeili  It 
is  a  stnictare,  th^refore^  much  larrfer  in  the  greater  nnm- 
ber  of  Quadrupeds  iLati  it  is  in  MftD.  Ill  some  of  the 
Cetacea  the  *  antcrioi'  comniiasure  *  is  so  emsll  aa  to  be 
almost  non-cxistent. 

The  Middle  Commissure  is  b  short  and  Dither  thick 
bridge  of  soft  ganf^Iionic  matter,  which  passes  across  the 
middle  of  the  Third  Ventricle  (figs.  87,  13;  72.  eo)  from 
one  thnlamus  to  the  other,  and  therefore  serves  to  connect 
these  two  great  ganglia. 

The  Posterior  CommlBSure  is  Bmall,  and  composed  of 
Tvhite  fibres.  It  passes  iiiimediiitely  in  front  of  the  base 
of  the  Pineal  body»  and  its  fibres  are  prolonged,  on  each 
side,  inio  the  substance  of  the  posterior  part  of  the  Tha- 
lamus, 

We  come  now  to  the  comnnsBui'eB  met  with  only  in  the 
brain  of  Mammals. 

The  Fornix  is  a  double  comi]:iissure,  each  half  of  which 
suffices  to  connect  two  regions  of  the  sauie  Hemisphere 
with  one  another — viz.,  tho  Hippoeampal  region  with  the 
inner  part  of  the  corresponding  Thalamus,  The  two 
halrca  of  this  structure  come  into  contact  only  dnring  ft 
small  part  of  their  coarse — about  the  middle  of  it — but 
they  are  also  brought  into  some  sort  of  relation  posterior 
to  thia  point  by  means  of  a  stratum  of  cross  fibres,  the 
nature  and  connections  of  which  are  described  below. 

Along  the  inner  side  of  the  Ilippocanapns,  as  it  projects 
into  the  descending  prolongation  of  the  Lateral  Ventricle^ 
a  ridf»e  or  band  of  white  fibres  (*  tenia  hippocuinpi  *)  may  bo 
traced  upwards  on  each  side  (6g,  86,  t),  which  soon  becomes 
free  as  tho  *  posterior  pillar '  of  the  Fornix^  and  bends  for- 
wards and  inwards  over  the  Thalamus  so  as  to  join  its 
fellowon  the  opposite  side,  as  above  stated.  Posterior  to  the 
point  of  contact  of  these  *  pillars '  with  one  another,  certain 
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transverse  fibres  (known  as  '  psaltonal  fibres  ')  exist,  which 
form  a  reflected  jjartof  the  groat  trunaveise  commisBure  or 
Corpus  CalloBum.  This  body  is,  in  fact,  bent  upon  itself 
hebiod,  and  iL  is  the  portion  (thence  prolongod  forwards  to 
the  posterior  pillars  of  the  Pornix,  somewhat  triangular 
in  shape)  which,  in  bij^her  !Mammak,  is  commonly  called 
the  *  psulterium  *  or  '  lyra/  Beueath  it  is  a  memhrane 
(*  vehim  inteqjosifcum lyiug  on  the  surface  of  the 
ThalaiBi  (a  great  part  of  which  it  hides),  and  forming 
a  kind  of  roof  over  the  Third  Ventricle. 

Opposite  the  anterior  extremities  of  the  Thalanii,  the 
two  halves  of  the  Foriiix  again  separate  so  as  to  constitute 
its  '  anterior  pillai^s/  which  dip  downwards  just  behind 
the  Anterior  Commissure,  along  the  side  of  the  third 
ventricle  to  its  floor,  where  each,  after  i^-istiug  upon  itself^ 
so  as,  with  its  ftdlow,  to  cause  a  single  whiie  projection 
'Corpus  albicans']  near  the  centre  of  the  base  of  the 
brain  (fig.  li^  p),  again  paeses  upwards  and  penetrates  the 
inner  &ide  of  the  corresponding  Thalamus. 

The  Fornix  exists  In  all  QuadrupedSj  and  has  a  muuh 
larger  relative  size  in  some  of  the  lower  forms  than  in  the 
Quadrumana  or  Man.  It  is,  for  instance,  extremely  well 
developed  in  the  Beaver,  the  E.abbit,  and  other  Rodents. 

The  Corpus  Callosuin  was  formerly  believed  not  to 
exist  in  the  Monotremcs  and  ^larsupials ;  and,  in  fact,  it 
is  present  in  theui  only  as  a  very  rudimentary  structure. 
In  Inseciivora  it  is  larger  ;  while  in  some  Eodents  it  has 
already  attained  a  considerable  devGlopmentj  as  may  be 
seen  from  the  brain  of  the  Beaver  (fig-  71),  where  it  is 
thick  and  comparatively  long  from  before  backwards.  In 
this  animal  it  has  also  attained  the  more  horizontal  direc- 
tion commonly  met  with  in  higher  forms,  though  in  some 
other  Rodents  it  is  a  notably  less  developed  structure — 
being  short,  thin,  and  nearly  vertical  in  direction.  The 


274 


THE   BRAIK  OF  QUAURCPEDS  AND 


fibres  show  a  more  derelopod  form  of  the  Cotpuft  C&K 
losum  in  the  Horse  (fig.  72)^  in  the  I>o]phm  (fig.  85),  uid 
in  the  Dof  (fig.  87). 

The  Corpaa  Callosnm  Btreiches  seross  from  one  Cere- 
brtil  Hemisphere  to  the  other ;  its  fibres  constitute  the 
roof  of  each  Lateral  Yentricle,  and  thence  diverge  to  many 
parte  of  the  sarface  grej  matter  of  each  Hemisphere, 
Similar  cortical  areas  oa  the  two  sides  are  thus  brought 
into  fanctional  relation  with  one  another.  It  has»  therefore^ 
ft  wider  kind  of  ofQee,  though  identical  in  nature  to  that 
performed  hy  the  Antorior  Commisanre.  It  is  an  error, 
however,  to  place  Ihe^  structures  in  the  same  category 
with  the  Fornix,  as  many  of  the  older  anatomists  and' 
eveQ  some  modern  writers  have  done — since  this  latter 
commissare  Berves  to  unite  diOerent  regions  of  the  samo 
Hemisphere,  rather  than  Bimilar  regious  of  the  two 
Hemispheres  with  one  another, 

Tho  mode  in  which  the  Corpus  Calloeom  and  the  Fornix 
are  united  posteriorly  by  the  *  psalterial  fibres/  and  the 
way  in  which  the  same  two  bodies  recede  from  one  another 
anteriorly,  and  thus  contribute  to  the  formation  of  the 
Fifth  Veutiicle,  has  been  previously  described  (see  also 
fig.  72). 

Any  one  wishit^g  to  obtain  more  distinct  motions  as  lo 
the  varyiDg  developments  and  relations  of  the^e  several 
Commissures,  shoold  coiibuH  the  admirable  fi^nrea 
given  by  Flower,*  jllaBtrating  the  relative  size  and  dis- 
tribution of  these  parts  in  the  Sheep,  Rubbit,  Sloth,  and 
Hedgehog,  as  compared  with  what  obtains  among  certain 
IkfarsQpialfl  and  Monotremes. 


*  PhiloflOph.  Trana*  1805j  PI,  uxvti.  acJ  xxjctiii. 
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Eternal  Topography  of  the  Brain  In  Quadrupeds, 
^  and  Bome  other  Mwnimalfl. 

The  tbiokness  of  the  layer  of  gang^lionic  Grey  Matter 
on  the  surface  of  the  brain  urnlergoea  a  gradiml  increase 
among  the  Tertchrata,  The  layer  is  eo  tlun  in  Fishes 
that  tho  surface  of  the  Cerebral  LoLea  appears  alinoat 
white  to  the  naked  eye.  In  Mammals,  however,  we  have, 
even  in  the  lowest  of  them  (and  its  tliicknGss  increaHCB  in 
higher  forms)  a  continuous  Btratum  of  such  matter  cover- 
ing tho  whole  of  the  Cerebral  Hemispheres,  Of  course 
the  more  the  surface  of  the  licmiKpheie  is  folded  and  con- 
voluted, the  greater  la  its  proportional  amount^  since  this 
Grey  Matter  covei-s  all  parts  of  tho  surface,  whether  it  be 
folded  inwards  or  onti^ards  (fig,  85,  c). 

In  Fishes,  Amphibia,  Eeptiles,  and  Birds,  there  arc  no 
regular' fissures/  and,  consequently,  no  division  of  the  Cere- 
brum into  '  loben, '  Each  Cerebral  Hemisphere  Las,  inJeedi 
in  these  lower  foi-ms  been  supposed  by  some,  though  on 
insuiScient  grautida,  to  correspond  with  the  *  anterior  lobe  * 
of  the  brain  of  tho  Ape  and  Man.  The  '  middle  lobes' 
are  believed  to  make  their  appearance  subBcquently,  as 
added  parts,  in  the  lower  Qnadrupeda ;  while  the  '  pos- 
terior lobes '  are,  similarly,  deemed  to  make  their  first 
appearance  among  the  lower  Quadi'umana.  But,  as  Prof, 
Marshall  very  properly  observes,  "the  lobes  may  not  bo 
distinguishable,  and  yet  homologous  parts  of  tho  cerebral 
hemispheres  may  be  present,  however  slightly  developed, 
throughont  all  the  Vertebrate  a,**  The  appearance,  indeed, 
of  iho  brain  of  some  of  tho  Cetaeea,  such  aa  the  Porpoise 
and  the  Dolphin,  makes  it  rather  more  probable  that  it  is  the 
middle  regions  of  tho  brain  which  are  specially  developed 
in  them,  while  both  anterior  and  posterior  lobes  (and 
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especially  the  latter)  are  in  a  compEiratively  mdimentaij 

Speaking  generally,  it  may  he  said  that  in  Qu&drapedft 
the  Brain  tends  gradually  to  become  moro  &nd  more  con- 
Toluted  Its  we  proceed  from  lower  to  higher  orders.  It 
muBt  not  bo  supposed,  however,  that  anything  like  a 
serial  development  is  to  he  detected — in  the  first  plac^i 
because  certain  differences  in  *  plan  of  Convolution/  seem  to 
be  traceable  among  them  ;  and  secondly,  because  in  oil  the 
orders  (and  therefore,  even  in  cases  where  the  same  plan 
is  observable),  the  degree  of  complicacy  of  the  convolotions 
is  very  larf*cly  determined  by  the  mere  size  of  the  antmal. 
It  haa  been  found,  for  instance^  as  a  general  rule  to  which 
there  are  only  few  exceptions,  that  in  animals  of  the  aamo 
group  or  ordLT,  the  number  and  complesity  of  the  convolu- 
tions increase  with  the  size  of  the  animal.  This  may  be 
recognized,  for  instance,  by  a  comparison  of  the  brain  of  the 
Horse  with  that  of  the  Elephant ;  of  those  of  the  Sheep 
and  Ox ;  of  the  brain  of  the  Cat  with  that  of  the  Seal 
and  also,  as  we  fihall  find,  of  those  of  smaller  and  of 
larger  Qiiadrumana.  In  the  Elephant,  the  largest  though 
also  the  most  sagacious  of  existing  Quadrupeds^  the  com* 
pleidty  cf  cerebral  convolutions  is  at  itamaximnm.  They 
are  also  exceedingly  complex  in  the  huge  Cotacea,  and 
even  in  some  of  the  umatler  representatives  of  the  aam 
class. 

It  has  been  previously  shown  that  the  weight  of  the 
Brain  as  compared  with  that  of  the  body  is  less  in  different 
orders  of  animals,  as  the  size  of  tho  representatiTo  of  any 
anch  order  increases ;  yet  now  it  appears  that  Uils  smaller 
proportional  size  of  the  Brain  in  large  animals  is,  to  ■ 
certain  extent,  compensated  by  its  greater  proportional 
extent  of  surface  ganglionic  matter — obtained  through 
increased  number  and  depth  of  Convolutions. 
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Tbere  cannot  tbertfore  be,  among  animala  of  the  sflme 
oriier,  any  shuple  or  defitiit©  relation  between  tlie  decree 
of  the  ItUelligonce  of  tlie  crefttnre  and  thu  Eumler  or 
disposition  of  ita  Cerebral  Convolutions — since  this  Btmc- 
tural  kiiture  of  the  Brain  aeeoje  to  bo  most  powerfuJly 
ref^nlated  by  the  mero  bulk  of  the  creatare  to  which  it 
U'longs,  But  if,  wben  taken  alone,  the  degree  of  com- 
plicacy of  the  convolutiona  affords  no  safe  guidance  in 
regard  to  the  degree  of  aa  animars  Intelligence,  when 
comparing  different  Bpectea  of  the  same  order  (whose 
convolntional  *  pattern  '  ia  therefor©  the  same),  it  will  be 
fonnd  to  fail  even  more,  aa  a  criterion  for  estimating  the 
relative  Intelligence  of  representatives  of  different  natural 
orders— especially  if  those  should  happen  to  be  orders 
characterized  by  a  different  convolntionai '  pattern.'  Thus, 
the  brain,  of  the  Benver  is  almost  Bmooth,  while  that  of 
the  Sheep  presents  numerous  convokitiona  which  both  in 
number  and  complexity  decidedly  BurpasB  even  tboae  of 
the  Dog. 

The  more  closely  animals  are  related  to  one  another, 
however,  and  the  more  they  are  of  about  the  same  size, 
the  jnore  should  we  bo  entitled  to  look  for  Bome  propor- 
tional relations  between  the  developtnent  of  their  Cerebral 
Convoluliona  and  their  Intelligence.  The  comparison  of 
convolutional  complosity  is  therefore  of  principal  interest 
and  Talne  when  we  are  concerned  with  species  of  the  same 
or  closely  allied  orders^  or,  oven  more,  when  we  compare 
the  Brains  of  indiWduals  of  the  same  species,  or  of  mere 
varieties,  with  one  another.  This  kind  of  interest,  there- 
fore, culminates  in  the  comparison  of  the  degrees  of  con- 
volutional complexity  to  be  mot  with  among  the  different 
races  of  Man. 

In  taking  account  of  the  mere  size  of  the  Brain  in 
did'ereut  animals,  as  wol!  as  of  its  degree  of  convolntionai 
13 
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dcvelopmentf  in  reference  to  tlie  amount  of  Intelli 
they  artj  accastomed  to  display,  eeverai  points  bare  to 
be  borne  in  mind,  wbicb  are  too  Bpt  to  be  oTeriooked, 
Size  of  Brain,  and  with  it  cooTolutional  complexity,  mQst, 
for  instance,  be  closely  related  to  the  number  and  Tariely 
of  an  aniniara  Sensorial  Impressions — the  raw  material  as 
it  were  of  Intelligence ;  but  it  must  be  also  largely  depen^i 
dent  upon  the  orfjaniam's  power  of  eToking  simple  Move- 
meuts  continuously  or  with  great  energy,  as  well  as  upon 
ita  power  of  performing^  very  varied  or  intricate  Movements, 
Herbert  (Spencer  has  called  special  atU;ntioQ  to  this  latter 
point  of  view.* 

Tho  importauce  of  takiug  into  account  the  powers  of 
Movement  possessed  by  the  animal  is  fully  borne  out  by  the 
fact  that  the  Brain  attains  sueh  a  remarkable  size  in  the 
Shark,  as  well  as  in  the  Porpoise  and  the  Dolphin — all  of 
them  creatures  whose  Movements  are  exceptionally  rapid^ 
continuous,  and  varied.  The  great  increase  in  the  size  of 
the  Cerebellum  in  each  of  these  creatures  is,  therefore,  not 
BO  surprising;  but  it  seems  very  puzzHog,  at  first  sight,  to 
understand  why  this  should  be  accompanied  by  a  co-ordiDRt6 
increase  in  tJio  development  of  the  Cerebral  Remisphores, 
For  this,  however,  there  are  two  causes,  the  one  geueml 
and  the  other  more  speciaL  It  is  a  fact  generally  observ^, 
that  Sensorial  Activity,  and  therefore  Intelligent  Bis* 
criminatioDj  increases  with  an  animal's  powers  of  Move- 
ment; and  Becoii<11y,  there  must  be  special  parts  of  the 
Cerebral  Hemispheres  devoted  to  the  mere  Sensory  Appre- 
ciation of  Movements  executed.  The  nerve  elements  lying 
at  the  basis  of  this  hitter  appreciation,  however  they  may 
be  distributed  through  the  Hemispheres,  would  naturally 
be  the  more  devulopcd  (ftud»  couHequently,  all  the  more 
calculated  to  ho(p  to  swell  the  size  of  the  Cerebrum),  in 

*  "  Pnndpiea  of  Paycliology,"  vol.  I  p.  192. 
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proportion  to  the  vftriety  and  continuatice  of  the  Move- 
tuents  wLlch  the  auimal  is  accustomed  to  esLecute. 

Arrangement  of  Convolutions.— In  the  lowest  Quad- 
rapeds  there  are  do  Convolutions  at  alL  This,  for 
ipsUQce,  ia  the  case  with  Monotremes,  and  th©  lower 
Marsupiftls  aud  Rotlents.  But  in  other  hi{j;her  forma 
Convolutions  exiat,  and  ate  arranfjed  in  accordance  ^\ith 
two  distinct  types  or  patterns,  which  have  heen  named 
respectively,  the  *  oMique  *  and  the  *  longiUtdinah'  The 
following  hdef  referouiiea  to  these  two  patterns  are  con- 
densed from  0wGn*8  account  of  them**  It  is  not  intended 
to  give  anything  like  a  full  description  here;  but  murely 
to  indicate  some  of  their  most  striking  peculiarities* 

The'obliqae  pattern^  is  met  with,  among  the  hoofrd 
Qnndrupeds,  viz..  Ruminants,  Solipedea,  and  Pachyderme. 
TLq  Mon^^itudinal  pattern'  pertains  to  other  Mammals, 
comprised  principally  within  the  orders  Carnivora  and 
Cotaeea. 

A  third  or  '  trnnsverse  pattern '  is  common  to  the 
Qnadrnmaua  and  ^fan,  aB  will  be  shown  in  suhseqiient 
chapters^  and  on  this  we  sluUl  find  it  worth  whilo  to  bestow 
a  much  larger  amount  of  attention. 

Notwithstanding  the  very  nnraerona  differences  in  detail, 
certain  primary '  iissurea  '  seem  to  bo  common  to  the  three 
types.  One  of  the  moat  constant  of  these  ia  the  *  hsaure 
of  Sylvius*  on  the  outer  surface  of  the  Hemispheres; 
while,  another,  also  very  constant,  is  the  '  fissure  of  the 
Hippocampus.'  The  hitter,  situated  on  the  inner  aspect 
of  the  hemispheres,  has  already  heen  alluded  to  as  cor- 
responding with  the  body  of  the  same  name  which 
projects,  in  each  hemisphere,  into  a  descending  pro- 
longation of  the  Lateral  Ventricle. 

♦  **Auatotny  of  the  Vertubratea, '  vul.  iii. 
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llie  'Oblique  Pattern.* — The  Bimple  form  of  tliia 
cQDvolutional  arraugement  may  be  woil  seen  Id  the 


Fio.  <H). 


Fin.  8$.— Drain  nf  Iho  Rtxk  Conry  (ffj^i-nxX 
Via.  M. — Loft  CemliJinil  Hoajisphcre  of  Uie  ITorPo. 
FlQ,  t>0>— Left  L'orfibral  IK*tukplibr«  ItUincHMrM. 

Rock  Coney  (figs.  88,  93).    More  complete  forms  are 


Fici.  92, 


PlO.  01.— Loft  ruroliml  flanilKphf  re 

0(  tb*  Sliitf  ^f  Vo-ifiJ. 


Flu.  I'S.—Lcft  CeTThml  Una 
of  the  Ijilralt^c- 


be  seen  in  the  Hor^  (£g,  8£))  and  the  lUiiuoceroB  (lig. 
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In  the  latter  the  hinder  parte  of  the  Hemispheres  are 
notably  expanded,  and  the  anterior  lohos  are  liirgcr  iu 
all  their  diiuensions.  In  this  couvolutional  plan,  as  the 
figures  borrowed  from  Owen's  *  Anatomy  of  the  Verte- 
brates *  show,  the  primary  convoUUions  of  the  two  halves 
of  the  Cerebrum  converge  from  behind  forwards,  as  far 
as  the  (interior  third  of  the  Cerebrnl  Hemispheres — and 
thenco  diverge  in  dilTereut  dkecLions,* 


Pio.  t^.— Brahl     tha  Rock  Cmcy,  Pi<i.  tH.^Bmln  at  tlio  fSInilTe, 

Hldo  vit*v>.  Hide  vtaw. 


Starting  from  another  smnM  form,  the  Pigmy  Chevrotain 
(Tra^ulus),  we  may  find  a  similar  convolutional  develop- 
ment attainin^^  tohij^her  types  of  the  same  j^eneral  pattern 
in  the  Slag  (%.  91),  the  Sheep,  the  Ox,  the  Giraffe 
(fige.  92,  94),  the  Camel,  the  Hippopotamus  and  the 
Elejihant  (fig.  95).  The  gi'eater  convohitional  comi#k'xily 
of  the  brain  in  these  larger  forme  ie  rf^presented  in  detail, 
as  Owen  has  pointed  out,  by  the  fuller  development  of  the 
'primary  fissures,'  by  their  more  sinnona  eonree,  and  by 

•  The  letters  and  immrraU  iu  the  eeveral  fifjTires  are  nlwayfi  \h& 
same  for  corresponding;  Convolutiona  and  Ffsffurei",  and  this  will 
materially  aftsist  the  reader  in  hta  conipariaon  of  the  diftorcnt 
forme.  Dm  explamitiona  of  these  referencM  are  fjivea  by  Owen 
(loc,  eit..  vol.  iii.  pp.  1^7)*  where  the  Fisaiirea  and  Convolutions 
of  Mammalia  are  enumerated  mainly  in  tholr  order  of  conRtancy. 
Many  fjiitline  iigiires  of  the  Ceivbral  Convolutions  of  other  aui- 
mala  will  likewise  be  faand  in  this  work. 
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the  dev&Jopmeiit  from  them  of  numerous  offsboots  in 
form  of  *  accoiuliiry  tissnrcs/ 

The  *  Lotiffitifilimit  P'liifrft*    This  mofle  of  arnm 
ment  of  some  of  the  principal  convoluUoUH  is  well  seeo 
many  of  the  Caniivora  whou  the  braiu  is  looked  at  from 
above,  as  in  the  Cut  (tig,  90).    Whou  viewed  from  tha 
side  the  surface  of  tlje  liomispUere  inrij  be  a^n, 
Marshall  s.ija,  to  be  divided  **  iuto  four  ]»riQ{:ipal  antero- 
poslei'ior  cynvoluliona,  which  seem  to  boud  in  simple 

curves  arouud  the  up 
I>erendof  the  Sylvijui 
lisKure,  oue  above  the 
other,  Olid  pass  co 
tinuously  from  t\ 
rtut<^rior  or  frontal,  ia 
tu  the  middle  or  pa- 
rieto-tcmporal  lobe,*' 
This  ia  well  shown  in 
figs.  98-100. 

In  the  larger  Feline 

phun.«i<inWo,v,F.,uc)*rodiu'«d.  animais  most  ol  liie 

primary  3ssurea  pre- 
sent short  secondary  branches,  lii  the  Fox  and  in  the  Dog 
the  fisaurua  are  more  numerous  stilK*  The  Cerebrum  in 
also  larger  and  nan-ower  anteriorly,  thou^'h  in  the  Boar  it 
is  again  found  to  be  more  ohlon^?.  In  the  Seal  this  part 
the  Brain  attains  the  gi-eatest  relative  size  and  complexi 
known  in  the  present  groiip.f  The  Hemispheres  are 
unusually  broad,  aud  richly  convolul.4id  ;  but  a  coinparison 
of  the  rt."bilive  deplli  i^f  the  fisEUi-cs  enables  the  primary 


he 
ia 


it 
re 

rtti 


•  Tliisj  is  rnnre  fjbviouB  in  the  Dog  than  in  the  Wtx,  owmg  to  the 
grefiUr  Dii(ub*;r.  loiij^th,  and  Jeptb  of  it-"'  Rt'<"ftn<lury  finfturea. 

t  Exiiellent  fi^uros  r>f  tha  bmin  of  the  Seal  are  by  Tivde- 

iii  his  '  loones  Corebri  .HimiuJiiP^'  7.  a 
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to  Le  distiuf^islied  from  those  of  iLo  sccondai-y  order. 
The  luass  of  the  Heiijisplieies  beLind  the  *  fissure  of 
Hylvius '  ig  relatively  fjreatGr  than  in  other  CarDivora,  uuJ  n 
larger  proportion  of  tho  Cerebellum  is  also  coverefl  thereby. 
The  general  pnriillol  uiTangemeut  of  the  couvolulioiia 


Fid.  M.— Brftln  or  iko  Cdt.  Ftn.  97  -iJraIn  of  the  Dog. 

(Titdctium  u  >)  (Tied  omn&u , ) 

in  the  Carnivora  is,  as  Owen  points  out,  even  more  marked 
in  the  CeUcea.  This  may  Lo  tscen  in  tho  Porpoise 
(fig.  77k  though  lens  distinctly,  in  tho  Dolphin 

(fig.  101}.  The  breadth  of  the  Cerebral  Hemispheres  is 
most  striking  in  both  these  creatares — but  Gspecially  in 


Fi«.  OS,-  Etrvlii  Kif  ihu  CoEtL  Flo,      -  Bmia  at  ihv  Cat,  Vui.  WK    BntiD  oi  Utc  Fux. 


the  Dolphin,  The  cotivolations  in  the  latter  are  alRo 
exceedingly  complex,  so  that  in  this  respect  its  brain  stands 
at  present  at  the  head  of  the  well-known  repreaentatives  of 
the  '  longitudinal  pattern,'  just  as  that  of  the  Elephant 
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{fig,  93)  doGs  at  the  head  of  the  represent ntives  of  tLe 
•  oblique  pattei'n  '  met  with  among  Herbivora. 

It  13  samGwhaL  pazzliug  thut  such  a  pD&itioD  should  be 
tftken  by  the  brain  of  a  creature  possessing  no  grealtT 
dimeiisious  than  the  Dolphin.  But  we  need  more  infor- 
mation as  to  tho  6xact  cbamctcira  of  the  brain  in  the 
larger  Getacoa,  in  whiub,  according  to  the  rule  previously 
Bpecified,  the  complitrat^y  of  convolutiona  oui^ht  to  \te 
extremely  wull  marked — though  theix  diniiui^hud  powers 


Fig.  IOU— Brain  &t  tbc  r>oJi*hJ(*»  uyipdr  aTwct.   (Owen^  nitar  Tfed  trmium. ) 

and  diminished  cnstotiiary  rate  of  Movement  would  affonl 
a  set-off  in  the  contrary  direction*  While  one  of  the 
great  Whales  is  leisurely  moTing-  along  at  tlie  rate  of 
five  miles  an  liour^  a  Dolphin  may  and  often  does  easily 
cover  twenty  mileR  in  the  same  time,  and  its  superiority  itt 
regard  to  variety  of  Movements  ^vould  probably  be  eqnally 
well  marked.* 

*  Since  thin  Chapter  hna  heen  in  the  pHnter'a  lianJa,  n  d««cn|>> 
lion  with  figures  of  the  Bruit*  of  the  Wliit©  Whufi?  iB'huja)  has 
beon  publialied  in  the  Jounnii  uf  Anatomif  and  PhifgtoUnjyt  Jaru 
1879,  by  Dr.  Major, 


TuE  Brains  of  Lemprs,  Monkeja,  Baboons  attJ  Apes, 
present  many  common  cbarnctera,  whicli  testify  to  tbe 
close  relalioCBhip  of  these  several  forms  with  one  another. 
A  sort  of  gradation,  though  not  that  of  a  single  sjcries,  is  to 
be  mot  with.  Begmning  in  the  Lemurs,  with  a  brain 
whoBG  strncture  is  only  little  removed  from  that  of 
Bodenta,  we  may  pass  by  meiina  of  most  dii^tiuct  trao&i- 
tion  forras  to  the  more  hi^^hly  evolved  Cerebral  Hemi- 
spheres of  the  great  *  man-like  '  Apes — tbe  ChimpaEisee, 
tbe  Gorilla,  and  tbe  Orang-utan, 

A  certain  comimiuity  of  Btnicture  is  perceptible 
throughout  the  whole  series.  The  bruin  of  every  Quad- 
rnmanoQR  animal  is  distinguished  from  that  of  Qnail^ 
rupeds  by  certain  well*defined  characters.  StructnreB 
previously  existing  no  longer  manifest  themselvos  ;  while, 
on  the  otiier  hand,  now  parts  become  differentiated  from 
the  old,  BO  aa'to  preBent  tbemselvee  as  more  or  less  in- 
dependent stmcturea. 

The  etructures  e:sisting  in  many  Quadrupeds,  but  noi 
met  with  in  Quadrumana,  are  those  : — 


1.  ! 

2.  i 

%  Tl, 


-fitfiral  TeBtridfs  into  Olfactory  J^htm. 

lit  bol>OH, 

^'  of  IhoMeiiulla  OblongaU.* 
■  mituUyvf lor  Mont. 
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Tbe  (idditionnl  charnctera  or  newly-different ifttetl  parts 
met  with  among  Qnadriimaiin,  butabseut  in  lower  brutes, 
ay  be  thus  enumerated 
(1.)  The  differentiation  of  ii  distinct    Posterior  (or 
Occipital')  Lole  in  each  of  the  Cerebral  HemiBplieres, 
ontaining  lu  ita  interior  a  *  posterior  bom  '  or  '  cornu  '  of 
tbe  Lateral  Ventricle,  wbioh  is  marked  by  a  more  or  less 
diBtinct  projection  ('  Hip- 
campus  Minor  *)  corre-  '  ^ 
eponding  with  a  fissure  on 
tbe  inner  surfuco  of  tbis 
lobe.*  Tbe  dcvebtpment  of 
Uiis  Posterior  Lobe  causes 
tbe  Cerebral  Hemispberea 
extend  so  far  backwards 
BS  to  cover  thern-eater  part   Fm.  ici3.-TiieRminnft>aRiY>wTiMa»quo 

or  tbe  whole  of  the  Cere*  L.ibp;  p,  rurlet^l  Ube;  O,  Oceijiit*!  Lobe; 
Knlfi-im  ^'  t-'ereJMllum.  /,     Oimily  protantsod  Fl»- 

(2,)  The  appearance  of 
certain  *  pnmary  '  Cerebral  FissurcB,  similarly  disposed  iu 
all  Quadrnnaana,  and  the  gradual  deTelopment  of  other 
*  secondary  '  and  '  tertiary  '  Fiasiircs— tbe  whole  Horics  of 
depressions  serving  to  divide  tbe  surfaces  of  the  llemi- 
epherea  into  Lobes  and  Convolutions  according  to  a  new 
bat  constant  and  definite  pattern.  This  differs  notably  from 
the  two  principal  convolutional  patterns  of  Quadrupeds, 
thongh  it  agrees  in  all  esaential  respects  with  what  wo 
aball  find — tliough  in  a  more  developed  form — in  the 
Human  Bralu> 

(3*)  The  existence  of  a  Central  Lobe,  corresponding 
'th  the  part  known  in  Man  as  the  '  Island  of  Boil/ 
(4.)  Another  additional  character  is  of  less  importance, 

•  The  Real  h  tlift  only  Quadruped  in  which  a  '  poat*»nor  cornu* 
islinowa  to  exist,  as  a  prolongation  from  each  LaU^rol  Vcatriclc. 
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aud  does  not  pertain  to  the  brain  in  all  Quadrnaiana;  U 
exista  only  in  some  of  tlio  Lif^^btT  Moiikoya  and  Apes. 
It  consisits  iu  the  replacement  of  a  single  protuberaoce 
(the  *  mftniraary ')  existing  at  the  base  of  the  brnin  in 
Quadrnpcda  by  two  sraailer  projections  ('  Corpora  mamil- 
laria '  or  '  albicantia side  by  side  in  the  same  situation^ 
each  of  ^hich  is  produced  by  a  bend  of  one  of  the  *  an- 
terior pillars  '  of  the  Fornix,  (p.  273). 

(50  A  fifth  character  may  also  here  be  nieutioiiod ; 
though  this  is  likewise  not  common  to  the  whole  class. 
Speaking  of  the  Olfactory  Lobes,  Prof,  Flower  says :  * — 
"  In  the  Iftrn;©  majority  of  mammals,  the  base  of  tliese  lobes 
extends  backwards  to  the  under  surface  of  the  temporal 
lobe,  obliterating  the  lower  part  of  the  fissure  of  Sylvius, 
whereas  in  the  true  Apea  and  in  MaUj  their  connexion 
with  the  Cerebral  Hemisphere  is  chiefly  with  the  anterior 
lobes  and  the  bottom  of  the  fissure  itself.** 

The  convolutional  arrangement  ive  hare  now  to  con- 
sider is  known  as  the  'Transverse  Patteru.'  No  dis- 
tinct transition  forms  are  known  between  it  and  either  of 
the  other  two  patternB,  though  Flower  f  seems  inclined 
to  think  tliEit  this  may  hereafter  be  found  in  Bats  of  larger 
size  than  luivo  hitherto  been  examined.  Id  common 
Bata  the  Carcbrtim  is  very  Bhoii.  and  the  Sylvian  f  issuro 
almost  non-existent.  Among  them,  in  fact^no  species  exists 
of  sufiicient  size  to  possess  sulci  on  its  surface.  But  this, 
fis  Flower  remarks,  is  not  so  very  sniTvrising  '"when  such 
marldngB  arc  almost  abBOut  in  tho  braiu  of  a  true  Frimate 
of  even  larger  size  (Hapale),"  For,  in  regard  to  convola- 
tional  development,  the  same  primary  rule  holds  good 
among  QuadrumaDa  afi  with  Quadrupeds,  viz.,  that,  taking 

♦  "  Trans,  of  iioolog,  Soc  m6"  vgl  t.  p,  lOB, 
Loo.  cit,  p. 
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representatives  of  the  same  genus  or  family,  sniftU  forms 
conimouly  Lave  comparatively  smooth  brains ;  wLile 
larger  animals  present,  in  proportion  to  Iheir  size,  more 
and  more  richly  convoluted  Corehral  Hemispheres. 

In  some  of  the  Lemurs  the  Cerehial  Hemispheres  are 
so  small  as  not  to  cover  more  tlmn  one-haJf  of  the  Cere- 
belhim.  There  is,  indeed,  a  kiud  of  gap  between  the 
lower  and  the  lowest  Simians — that  is  between  the  old 


Flo.  104. 


FiO.  105* 


FMl  107* 


PlO.  103. 


Fin.  lO^L 


PiQ.  103.— Bmin  of  on  A^o  nya,  imt  of  ilm  Lumurs. 

Ptc.  \n4.—Braluvith.eiiaTm(mat(MidfiM), 

Fio.  lofr.— Itniluof  Ihc  &|Uirnol  Mi!Uki;y  tr«if(iftM». 

Fio.  108, — linifn  of  a  Mnciwiuo, 

Fio.  l&7.— Bruin  u!  aCibljoii, 

Kio.  lOfi  —  Hr.Liii  rif  a  sxh  tuijnth  Hiimiin  Pflfttn*.  (i>w(iii.) 

and  new  world  Apea  and  Monkeys,  and  the  Lemnra, 
"  Every  Lemur  which  has  j-et  been  examined,"  says  Prof. 
Huxley,*  **  has  its  cerebellum  partially  visible  from 
above,  and  its  posterior  lobtj,  ^vith  the  contaiued  posterior 
coruu  and  hippocampus  minor,  more  or  less  rudimen- 
tary. Every  Marmoset,  American  monkey,  old  world 
monkey.  Baboon,  or  Man-like  ape,  on  the  contrary,  has 
its  cerebellum  entirely  hidden,  posteriorly,  by  the  cere- 
•  "Man'a  Place  in  Nature,"  p.  96. 
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bra!  lobes,  and  possesses  a  large  posterior  ooron  with 
a  well  developed  hippocampus  minor." 

In  the  smallest  Lemurs,  the  Hemispberea  are  quite 
Bmoobh,  or,  at  most,  show  traces  of  one  primary  fisaure — tbe 

'  Sylvisn'  (lig,  103,  5). 
Even  the  larger  Lemurs 
possess  only  a  few  pri- 
mnry  fissures. 

Ill  the  diminutive  but 
active  Marmoset  (fig, 
104),  the  Cerebral  Heini- 
Rplieres  are  i*e!ativ«]y 
larger,  so  that  ihey  com- 
pletely cover  and  even 
Blic[hlly  overlap  the  pos 
terior  border  of  the  Cere- 
helium.  Tbej  are.  how 
over»  quite  Bmooth  and 
wholly  devoid  of  coUTolu- 

tttfi),  Booii  fT^jm  ttliovu.  (UimciHi.)  L,  Ltrngilu-  tlOllS*      Only  006  fiSBUrG 

[.'i«.u« ;  of  Hyirtui.  seeii— the  *  Sylvian 

forming  the  boundary  line  between  parts  which  will  subse- 
quently be  spoken  of  as  tbe  Pariotiil  and  tbo  Temporal 
Iiobca,*  In  tbe  S<inirrol  Monkey,  another  small  allied 
form  also  notable  fur  its  extremely  active  habits,  a  fis 
below  and  behind  the  Sylmn  is  added— known  as  the 
"  parallel  tiaaure  '  (firj.  lOo,  P).  This  rnus  along  the  centre 
of  the  Temporal  Lobe,  and  backwards  towards  the  upper 
and  inner  edge  of  the  Hemisphere.  Roth  these  fissurea 
are  loss  verticiil  and  slope  backwarJs  more  than  the  corre- 


• 

i 


Uied  J 


*  The  nnmefi  of  these  lobes  of  tlit:  Drain  are  derived  from  tK< 
of  the  boDes  of  the  skull  agftinat  wliich  they  lie.   The  two  lobes 
above  natned  tog'etlier  connlitnte  what  was  formerly  principally 
Bpok<;a  uf  as  ibi! '  Mid<jla  Lobe/ 
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Bpondiog  fi88ur«B  in  rdj  Lemur  (fig.  103)  in  which  they 
are  present. 

The  Howler,  like  the  Marmoset  and  the  Squirrel 
Monkey,  is  a  New  T\"orld  form.  The  former,  in  fact, 
is  the  largest  of  the 
fleries,  and  is  nsnally 
BDpposed  to  belong 
to  the  highest  gioup 
of  these  American 
Monkeys.  Its  brain* 
however,  is  Tcry 
poorlj'  developed  (fig, 
109),  and,  consider- 
ing  its  size,  possesses 
verj  few  surface 
markings.  It  is  re- 
markable chiefly  for 
ihe  very  small  size  of 
the  OccipiLalf  and  the    Fio  no.— Bmin  oi  the  m*(»c^i*j-  ickitapifhftut 

J.  i|     I       -i  t      f  "■"""J")<  upiicr  JiJ'iK'ct,  ^V>jk*  )  Ff  PrutjUvl .  T,  P^rle- 

liiJJ  ueveiopnient  ot  .  q  ocdj^ixaj  i^uw.  l,  omn  i^mKitudin-ii 
the  Temporal  LohcH,  I'l"'*™;  n,  i-ii'sureiif  RoUndtiiV,  Extcniuir'crt«crv- 

In  connection  ^Vlth  FmnLil :  a\  a\  aJ,  VXr^t,  Second,  and  TUird  Ti«rp  .»f 
the  very  Bmall   Occi-  ^'"'^'"^'^^  ^-'^'t'^'o^^'^™*-      B.  Ascending  parietal: 

pital  Lobes,  Flower*  -r*, 

has  noted  an  almost     (ii,ip,imj.iejiomvmlnturef.>r  tU?  CoaToluttoDst* 

complete  absence  of         ^  w.i^icr,  cicepiiup  thjit  a,  und  a.  an 

,      _-  -        _  _       nnmed  by  him  Autcrlfir  nntl  i^oiteriur  C«nlml  Coii- 

toe  nXternal  and  in-  t^lutlonrt,  Ibt^gli  \t  ■  IcntUnd.^  wliuh  u  by 
temal  J'erppndicnlar  ^"^  mun*  wltliuut  intnil,  it  hMwut  bvcu  cnmmonljr 

Fissnres,  Tbo  brain 

of  the  Howler  Monkey  is  also  remarkable  for  the  extreme 
backward  extension  of  the  Sylvian  Fissures  (f^  y).  each  of 
which  almost  reaches  the  upper  and  inner  bordei'  of  its 
correeponding  hemisphere. 

*  "Proceed,  of  Zooh^.  Soc/'  18(>4,  p.  335,  PI.  xx'tx. 
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In  the  Capuchius,  amon<^  the  aew  world  Monkeys,  as  well 
as  ia  the  old  world  '  Do j-likc  '  forms,  viz.,  the  Baboons, 
Macaques,  and  Moukoys  proper,  together  with  the  Gib- 
bons (which  are  usually  regarded  as  the  lowest  of  the  *  Man- 
like' Apes),  the  Fissures  and  Convolutions  become  more 
numerous,  whilwt  the  Cerehral  Hemispheres  are  larger,  so 
that  they  now  uniformly  cover  the  whole  of  the  Cereb^Uuiiit 
A  good  notion  of  the  mode  of  distribution  of  the  f  ifl&nres 
on  the  outer  surface  of  the  Htruispheres  may  ho  gathered 
from  the  outline  diagrammatic  sketches  of  those  parte  in 

the  Macaque  aod 
the  Gibhon  (figs, 
106,  107) ;  espeoi- 
allyif  thoyare  com- 
pared with  corre- 
Bpondiiig  gketcbcs 
of  the  much  sini' 
pier  hraius  of  the 
Marmoset  aud  the 
Squirrel  Monkey 
(iigs,  104,  105). 

In  the  hr&in  of 
the  Mangabey 
110,  111), 

Flfciuro.   T,  Thtiip«jtuI  r',  i^.  c^^  Firvt,  BtMUiid,  Aod  qj^^    alsO    IB  that 

Tbird  TiflW  g|  TctiiptH7*t  L'ufiT.jUitloni. 

of  the  Wanderoo 

(figs.  113t  113),  which  ia  very  siiDilart  the  principal  primary 
fissures  of  the  Cerebral  Hemispheres,  and  therefore  the 
inclLidcd  portions  or  Loboa,  aro  quite  distinct.  Thus  B, 
represents  the  *  fiasnre  of  Rolando  '  which  separates  the 
Frontal  from  the  Parietal  Lobe;  8»  la  the  *  fissure  of  Sylvius,* 
constituting  the  upper  boundary  of  the  Temporal  Lobei 
and  separating  it  from  the  Parietal' ;  v,  is  tho  vertical  or 
'  perpendicular  fissure  *  which  is  obvious  ou  the  inner  &s 


Via.  in,— Btninof  Maivgahsj", ffMcrlew*  fVotrtO  ^lome 
of  tbe  roroTQQfWB       the  tnuie  ui  fur  iSiX-  110.   S.  Sylvluii  C^^^' 


EAP.  Xm]      TflE   BRAIN    OP  QUADIUTMANA, 


203 


l^^ell  as  iLe  uator  surface  of  ih&  Iietiiisiihore,  txnd  serves 
to  mark  off  the  Occipital  Lobe.  AuoLliei*  wt-ll-niarked 
siik'iiR,   kuawu  as 

the   •parallel    fis-  ^ 

fluro/  runs  along 
Httie  QUtor  face  of  llio 
^■emporal  Lobe. 
ButlimcDtary 

Convolutions  show 

tbemaelveg  on  the 

Froij  tal  Lobe, 

wlikh.  is  boninled 

posteriorly     hy  a 

w<;U*  marked    *  aa- 

cciiditip  convolu- 

tioa'  (a,  a).  An- 

otbcr  coiivoluliou,  ^ 

feqaally  distinct  (d,  '"'^i"  "^^''^  ^(«u-x 

B},  forms  the  an- 
terior boundary  of  the  Parietal  Lobe.   The  Oculpitul  Lobe^ 
thongh    large,  is 

still  almost  fiec  ^ 
from  any  tj*aee  of 
couTolutions,  aud  ^ 
its  anterior  border 
(k)  is  quite disitincl. 
This  anterior  bor- 
der— or  '  OperciT- 
lura/  as  it  has  bocti 
termed— has  been 
cut  away  in  ft^^. 

113,    so  as  to  show     p,r..  l  is  — Brain  of  Iba  Wftnderoo.  ^Idn  tJcit,  CVost.) 

a  small  cijnvoliition  ^-^^^^'^^^  ^« 

marked  (x),  known  as  one  of  the  *  bridging  convolutions/ 
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These  tatter  folds  l>ecome  further  dextloped  in  tbe  OnuigJ 
iLDil  still  more  &o  in  Mad. 

In  the  Baboon,  the  Conrolattoos,  aa  may  be  seen  from 
fig.  11  If  are  prettj  distinctly  defined  on  tlie  Frotttal  and 
Parietal  Lobe^,  and  they  are  also  more  distlDct  on  the 
Occipital  thaa  they  liaTe  l»eeD  in  either  of  the  forma 
previoasly  mentioned.  The  Frootal  Lobes,  too,  are  fuller 
and  le8S  pointed  than  they  are  in  lower  terms  of  the  seriea. 


We  may  now  pass  to  a  brief  consideration  of  the  Brain 

ID  the  highest  TepresenU- 
tives  of  the  Qnadramana  at 
present  existing,  viz.,  tbe 
three,  g^eat  'man -like' 
Apes — the  Cbimpanseo,  Uie 
Gorillnf  and  tbe  Orang* 

No  diffkreDcas  in  the 
brain  characters  of  these 
auimals  have  been  found 
suiSciently  marked  in 
amount  or  in  nature  to 
enable  ns  to  say  that  one 
ol"  them  is  very  nomiBtak- 
My  higher  than  the  others. 
pfMiiu  jHijrin),  up|>cr  «Ain-t.  (Yrt>uk,  uTicr  SoiBe  djatjnguiHued  ana- 

J^H  >  C^pi.redJ.yUu™^  disp08©d  tO 

tQ  ii»  cuuvoIuUobbi  dwatupmcaL  F,  Fr»at«i  think  that  the  br&lD  (hav- 

mg  regard  to  the  sum  total 
of  its  characters)  of  the  Chinipanzee  is  the  simplesif  and 
that  of  the  Ornuir  the  most  highly  developed.  Others,  how 
ever,  ^ive  the  Grnt  place  to  that  of  the  Gorilla. 

Tho  hraiu  nf  a  Clvimpanzee  was  carefully  described  and 
figured  in  18G1  by  Prof,  Marshall**    The  animal  w 
*  "Nat.  Hist  Ecview,"  vwl.  L  p.  2^ 
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an  ailiilL  It  wati  \toih.  youug  aud  small ;  its  Lei^ht  being 
2  ft.  4  ill.,  itB  weifjlit  16}  Ibs,^  wliiJet  the  weight  of  its 
brttia  was  14  ozb.  Tiiy  proportion  of  ita  bram-woight  lo 
its  boiij-weight  was  therefore  1:19. 

The  briiiu  of  an  Oraug  also  has  been  dcBcribed  witb 
groat  tare  and  minuteoesg  by  Prof*  Rolleston.*  It  waR 
taken  from  a  yoim^  male,  weigbiug  lOJ  lbs.,  wlioso  heifrht 
ivas  2  ft.  7  in.  As  the  weight  of  the  brain  was  12  oz., 
its  weight  compared  with  that  of  the  body  was  1  :  22*3. 

Our  knowlodge  of  the  brain  of  the  Gorillii  is  atill  very  im- 
pmfect ;  asof  the  three  apeciineus  whinh  have,  as  yet,  been 
examined,  one  was  in  a  very  poor  fioudition,!  and  the  two 
others  were  taken  from  Yery  diasimilar  aniniala — the  one, 
examined  by  Broca,  being  an  adult  male, J  and  the  other  a 
young  specimen,  only  six  months  o3d,§  Brocii  eaepecta, 
moreover,  that  there  may  be  two  species  of  Gorilla,  instead 
of  one  as  bithorto  supposed ;  and,  while  admitting  that 
the  bruin  of  the  Oraug  presouts  a  ssliglitly  higher  type  than 
that  of  the  other  two,  he  tionsiJors  the  brain  of  the  Gorilla 
to  be  on  tho  whole  simpler  than  that  of  the  Chimpanzee, 

The  Cerebral  Hemispheres  in  the  Chimpanzee  were 
much  smaller  in  proportion  to  the  size  of  the  Cerebellum 
than  they  are  in  the  human  Brain,  They^  however, 
slfghtly  overlapped  the  Cerebellum,  and  this  organ  was 
flatter  and  wider  than  it  h  in  Man. 

Looked  At  from  above  (fig,  115)  the  Chimpanzee*B 
brain  has  a  short,  wido,  ovoid  form,  though  in  the  lov\er 
races  of  Man  it  has  a  long,  ovoid  outline*    Seen  in  profile, 

♦    Nat,  Hifitory  Review,"  18(51,  P-  201. 
+  ThiLt  of  aa  aUidt  female»  exatnined  by  Gratiolet,  in  1800. 
J  "Etudu  9ur  le  C^rvcan  dii  Gorille,"  Iteette  d'AiUhrui^ohifie^ 
1878. 

§  This  was  examined  by  Dra»  Bokii  and  PafiKch^  and  their 
accoant  was  tnadfi  the  subject  of  tKtme  inteToatLng  commvata  by 
VroL  G.  D.  Thane  (*'  Nature/'  December  U.  187ti). 


TUE  anAis  op  quadhomana. 

tlje  Frootal  Lobos  are  short  and  shallon',  thoa;?li  as  a  w 
its  upper  outline  is  tleci(le<lly  couvex.  TLo  lower  nnd 
binder  bo^iulary  of  the  Gerebnil  HetiniBphere,  com* 
pared  witb.  the  correspouditi^  region  iu  Man,  is  notable  for 
its  concavity  and  slanting  direction  from  behind  forwardii. 
This  is  due  to  the  marked  tihallowiLeas  of  the  Occipital 


Fla.  IM.^Bmin  of  tbo  Cfa1in|»nBM»  nX'pW  mMptitA,  witb  Ufipor  psi  of ' 
Huiiil^i'b(>rQ  cut  awtiy  mu  u  to  oxpoM  Lnteni!!  VetiLrivlfr.  (Voyt;  afttf  ""J, 
Loltont  of  rcfurciica  for  Luft  Hcmtj^pheiv  dimnnr  Ut  tfaow  at  flj[.  110.  r«,  ' 
Btriutiim,,  la  tbe  luitcritir  mmii  of  tbo  Vmitrlelb ;  en,  [ILpfiocutnptv  Majut.  in 

Lobes  in  the  Chimpanzee — these  divisions  of  the  Brain 
being  wide  hut  not  deep.  The  same  pecnliarity  is  to  be 
Been  in  the  brain  of  the  Oraiig  {fig-  1*21), 

Tlie  Frontal  Lobes  in  the  Oranf^  have  a  recurved  beak- 
like termination  (socn  also  iu  tig*  121J  ;  and  if  wo  lum  the 
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orpin  over  so  ob  to  examine  its  liftse,  the  orbiLal  or  under 
surface  of  tLese  lolies  is  fouml  to  be  distinctlj  concave,  as  it 
IB  in  most  t)f  the  larger  Monkeys  and  Apes,  Just  behind 
these  parts,  llie  lower  termiuatiotis  of  the  two  Temporal 


r 


PlA.  lU.— BraiiMir  I  llHinah  Hlot  (Togt,  Attef  H^uUc.)  Tlilii  brnJa,  {■kMtaflie<l 
by  TbcUo,  WFi>{;tii:''l  only  lO'il  oc.  (300  gnvmTttoa),  Wilh  tbo  dxcepLiuD  u(  uuo,  it  In  tha 
BnuilLc«t  Mala  Iflii't's  Dr.dn  wbow  cbamctem  biivc  Vriiai  ruL^onlcl. 

Th{afltrurvla]tlnL-flil  here  fiir  cumpuiiftiii  wLtli  tlijbt  L>f  Ujo  bmiu  Of  tbe  ChEtnpMiuc; 
tbq  letlvn  of  rufortibcii  bcLov  tliB  ebmis  in  each  ol  tbc^tu. 

Lobes  approa^ih  rather  close  to  ono  another  (fig.  ItS),  and 
between  tliem  are  t^o  'Corporrt  aUiicantia,'  as  in  Man. 

The  Sylvian.  Fissure  in  the  Chimpanzee  well  as  in 
the  Gt>rilhi  (fi^^  117).  and  the  Oraii^  (tig.  I'il),  is  much 
Ies3  horizontal  than  it  ia  in  Man.    In  this  respect  it  prettjr 
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closely  resembles  tho  disposition  met  with  in  tbe  brnin  of 
the  Mftu^^iibey,  the  Wanderoo^  nud  other  of  the  *  Doj;- 
liko'  Apes  (fi^'s.  Ill,  Its  direction  more  nearly 

approachcB  the  horizontal  in  the  Gorilla  tbna  in  tbe  other 

two* 

The  FiBBUre  of  Kolando  is  very  dietinct  in  the  Gfaiin 
panzee,  though  its  upper  extremity  is  situated  in  front  o 
the  middle  of  the  brain ^  iustaad  of  being  more  decidedly 


Pio.  lit.— Bmin  of  ttusOnrllK  siil<i  view.  (After  BnLm  udjJ  rniwcb  *  I,  fitntal 
1ol(o;  11,  Plenum  uf  RoIjmrXt>;  III.  FaritiUl  ^oho.  tV.  T0m'(R>rAl  tube.   U  OmbdhiO) 


bi'hiud  it  lis  in  Man.  Accurding  to  Murshall,  a  little  more 
thun  one-third  of  the  smfiice  of  tho  Cerebrum  lies  in 
front  of  the  Fissures  of  Sylvina  in  the  Chimpnu^pe^  instend 
of  uoiirly  onc-ludf  fis  in  Man.  In  the  Ortpn*:  the  propor- 
tionate size  of  the  Frontnl  Lobes  is  strictly  intermediate. 

In  tho  Oinuff,  too^  the  Fissure  of  Rolaudo  {fig.  121)  13 
Tery  strongly  bent  upon  itself— nlmoet  nt  right  angles— no 
that  its  lower  extremity,  instead  of  being  in  ndTanco  of  the 
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anterior  extremity  of  the  Temporal  Lol>e^  as  it  is  in  the 
GorilJa  (fig.  117),  is  more  nearly  opposite  the  luiddJe  of 
le  Sjflvian  Fissure*  This  pocahar  disposition  of  the 
■fissure  of  Rolando  in  the  Orang  coincides  'with  a  «^renter 
comparative  development  of  the  lower  (or  third]  tier  of 
||&ODtal  convolutionH/  and  with  a  notablo  falling  off  in  tho 
size  of  the  loiver  half  of  the  '  asceiidiD^?  parietal '  con- 
Tolution.  On  the  other  hand,  the  disposition  met  with 
in  tho  Gorilla  seems  to 
be  due  principally  to  the 
greater  detelopment  in 
it  of  the  lower  part  of 
the  parietal  region  of  tho 
Ilemisphercs.  Thus^  the 
great  aize  of  the  '  supra- 
marginal  lobule'  and  of 
tht>  lower  part  of  the  '  as- 
cending parietal'  couto- 
Intion^  »ccn]8  to  cause 
tho  lower  hidf  of  the 
fissure  of  Rolando  to  he 
pushed  decidedly  for- 
wards.  These  peculiari* 

ties  ,do    not    api>6ar    to     Pia  us.— Brain       Ori*nif.  y^evf  qf  Inkm  irt- 
\  •       1    mtdier  Mpecth  (Owch,  after  Tiedoaiunu.J  Cum* 

ave    been    previon  sJy  Hutuau  aimn  f if .  i«. 

loticed.  by  aimtomtsts- 

The  External  Perpendicular  Fissure  is  particularly 
well  marked  in  the  Chinipanzee  (fig.  115)*  though  it  is 
Beldom  distinctly  visible  in  the  human  brain.    In  the 
Limpauzee  it  is  not  crossed  hy  any  superficial  '  brid^ng 
tonvolutions/  so  that  its  posterior  border  lor  •  Opercnlum  ' 
it  is  called  in  lower  forms  of  Qua'drumiina)  is  uiiinter- 
pted.  This  fissure  is  continued  on  the  inner  side  of  the 
brain  as  the  'Internal  Perpendicular  Fissure'  (fig. 


I 

w 

w 


300 


THE  BBAIN   OY  QTT.innUM AWA. 


Ill  the  Gorilla  also,  the  External  Perpendicular  Fissure 
(fig*  117,  *  c)  is  very  distinct  and  loug,  its  binder  margin 
(Operculuin)  beiug  convex  anteriorly,  and  somertliat  more 
sinuous  than  it  is  in  the  CloimpauifieG.  The  first  '  brUiging 
convolution  ^  emerges  from  beneath  it  above.  But  in  the 
Oraug  this  Perpendicular  Fissure  is  sometimes  much 
eborter  and  Iosb  obvious  {^g*  119)  than  it  is  in  either  of 
the  other  two  great  Apes,  so  that  in  this  respect  its  brain 
approaches  moi-e  closely  to  that  of  Man.    It  is  sometimes 

interrupted  above  by 
an  upper  *  brid^ng 
convolution  *  which 
has  a  superhcial  poHi- 
tion  of  this  kind  in 
no  other  of  tbe  Cjuad- 
rum  an  a ,  except  in 
A teles. 

According  to  Bolle- 
eton  this  superficial 
position  of  the  upper 
or  first*  bridging  con- 
Tolutioa '  38  not  con- 
stant ia  the  Orang  or 
Pin.  iis*  -TimiiiofOrw>(?.  tiPTWTWfp«t-  fOim™*  evcn  itt  Mfin— wliild 

from  Ptyiecimcn  in  Hfujiciini  of  lioynl  Culle^  of  Hur-  Jj|     linth     if  tnnv 

tfiyonn,)  F,  rnintttl  Ube .  O,  OBcipit*!  Lube,  ^  J 

times  be  present  on 
one  side  and  absent  on  the  other.  He  adds: — lu  the 
higher  species  of  tlic  order  Apes,  as  in  the  higher  varioti" 
of  the  species  Man,  we  fiiiO  variability  the  rule,  unifortnity 
the  exception ;  in  the  lower  speciea,  as  in  the  lower  TtLrie« 
ties  of  Man,  the  reverse  condition  obtains." 

The  second  '  bridging  convolution '  which  is  always 
present,  nupcrficiitl  and  easily  recognizable  in  Man,  is  said 
to  ho  as  invariably  absent  in  the  Chimpaosee  and 
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Orang,  and  it  waB  also  absent  in  the  youDg  Hamburg 
Gorilla. 

The  three  priucipfll  Fissurea  already  referred  to,  viz.j 
the  Sylvian,  that  of  RolanJo,  and  the  External  Perpen- 
dicular, divide  the  outer  surface  of  tho  Hemisphere  into 
four  Lobea,  In  the  manner  already  described  (p,  292) ; 
and  though  their  rchitive  size  h  very  diflcrent  in  the  several 
creatures  in  which  Ih^y  e&istj  Uie^  Lobee  ma^  becooBidered 


J.  rm,  0*110*^  tij^riflnril  Utihure  : /.  t>,  Iittt-'nuftJ  PeriKsruIicul.xr  Fl»Mirc  •  f,  e,  I'uli'Urlli* 
FlMun,  b*:Uig  the  j)v»Lerior  piut  of  the  '  llhf  ure  of  tho  llippocoiuinifl. ' 

to  represent  etrictly  homologous  parts  id  inferior  Monkn  s, 
iii  hi^rher  Apes,  and  ulso  in  the  Brain  of  Mau- 

Concealed  by  the  lips  of  the  Sylvian  fiBsure,  and  form- 
intr  part  of  its  floor,  wc  may  find  the  small  Central  Lobe, 
commonly  known  as  the  '  Island  of  Eeil.'  This  part  be- 
comes well  marked  aud  even  complex  in  Man,  and,  accord- 
ing to  Flower,'  is  traceable,  except  in  the  diminutive 
Marmoset,  throtighout  the  Quadrumanoua  series,  though 
it  ia  absent  in  all  other  Manimalia. 


*  "Tranii.  of  Zoolog.  Soc.,  1800/'  vol,  v.  p,  106. 
14 


Btiuated  parallel  with,  and  posterior  to,  the  I 
vins^  in  the  long  aiia  of  tbe  Temporal  Lobe 
marffhial  Fissure  on  the  inner  sitle  of  the 
(fig.  120),  just  above  the  Corpus  Callosum ;  ai 
of  the  HipjyocampuSf  situated  near  the  janctic 


with  the  uuder  surface  of  tbc  posterior  half 'j 
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sphere  thut  ai'G  most  cliarscteriBtic  of  the  PrimatcB,  and 
offer  the  most  striking  differenlial  features  from  other 
Mammalia."  The  posterior  part  of  tlie  '  Hippocampnl 
Fissure,*  named  '  Calcariiie  '  by  Huxley  (fig.  V20, /,  c), 
is  p^'culmr  to  Man  and  the  QuaJruiuaua.  It  sometimes 
periiists  ^leeply  marked  in  the  lowest  forme,  when  every 
other  trace  of  a  fissure  o^scept  the  Bylvian  has  disappeared. 
The  Sylvian,  however,  ia  found  in  lower  Mammals,  and 
the  '  Calloso- Marginal/  which  is  usaally  veiy  distinct 
anioii^  Qiiadrumana  (fig.  1*20,  9.  cm),  seems  also  to  exist 
in  the  great  majority  of  Mammals. 

p  The  part  of  the  outer  face  of  the  Hemisphere  known  in 
Man  as  tlie  '  Supra-Marginal  Lobule'  (figs,  133, 142,  h^h^)^ 
existing  above  the  posterior  end  of  the  fisHure  of  Sylvius, 
was  said  by  Gratiolet  to  be  invariably  absent^  in  the  great 
*  man-like*  Apts.  Butj  according  to  Prof.  Eolleston,*  '*  the 
development  of  this  part  is  very  frequently  asymmetrical 
on  the  two  sides  of  the  same  brain^  and  ita  development 
in  any  two  human  brains,  taken  at  hap-hazard,  is  pretty 
sure  to  present  the  greatest  diflerencea,"  It  would  seem, 
moreover,  that  a  simple  representative  of  this  structure  is 
unquestionably  to  be  found  in  the  Chicnpanzee,  that  it  is 
better  developed  in  the  Orang  (fig,  l'21j  i',  and  posterior 
thereto),  and  that  it  is  larger  still  in  the  Gorilla  (fig.  117): 
so  that  the  supposition  as  to  its  absence  in  these  creatures 
was  a  mistake,  and  we  certainly  have  not  in  this  direction, 
as  Gratiolet  thonghfcj  a  differentialing  mark  between  the 
brain  of  the  great  Apes  and  that  of  Man. 

The  several  Convolutions  will  not  now  be  further  referred 
to,  Imt  the  names  of  many  of  them  may  bo  aaceriained 
by  a  careful  study  of  fig??.  115—1^1*  Although  tho 
letters  and  numhers  affixed  to  corrGsponding  parts  in  thefio 
several  representations  of  the  brain  of  the  Chimpanzee, 
*  Loa  cit.,  p.  212. 


No  great  diffcjenc^  exists  Letwoen  llieae  ih 
regard  to  the  Internal  Topography  of  their  I 
as  it  is  known.  The  following  particular^ 
main  to  that  of  the  Chimpanzee  (fig,  115). 

Tli6  Corpua  Callosum  is  shorter  and  tMi 
Man,  and  Prof*  MarBlmll  concludes  that,  in  I 
the  size  of  tlic  brain,  its  bulk  is  twico  as  gra 
it  is  in  the  Chimpanzee,  The  Auierior  Og 
proportionally  large ,  and  bo  is  the  soft  or  1 
misaure.  The  Posterior  Commissure,  howm 
The  Fornix  in  thin,  and  the  '  k^nia  Benill 
just  discernible  as  a  thin  M'hite  band  lyi 
line  of  junction  butwcen  tho  TLulamus  and 
Striatum,  aud  juiniug  the  pillars  of  the 
teriorly. 

The  Lateral  Ventricles  are  rather  large,  i 
Coruua  are  quite  distinct.  The;  central  pa 
the  body  of  the  Tentricle,  corrospondsi  with 
lul)e  externally;  its  anterior  cornu  is  pr 
the  frontal  lobe ;  its  descending  cornu  trave 
poral  lobo,  and  ita  pOBterior  cornu  extcnda 
pital  lobe.  On  the  inner  side  of  the  descen 
the  projection  (fig*  115,  c  a),  kno^fn  as  lUo  ' . 
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another  Binall  projection  ('  emineiitia  colktcralis  M'hich 
is  fdm  recognizable  in  Man. 

Of  the  Corpora  Quadrigenoma  the  anterior  pair  arc  the 
larger,  Ibough  tbey  are  Bomewliat  less  prominent  than  the 
other  couple*    The  Phieal  Body  is  rather  large  and  soft. 

In  its  general  shape  the  inforiorily  of  the  brain  of  the 
Chimpanzee,  aa  compared  wilh  that  of  M*tii,  is  most 
marked  in  the  direction  of  vertical  hei^^ht ;  in  the  rela- 
tively email  dimensions  of  ita  frontal  lobes  ;  and  in  the 
bimilarly  Hmall  relative  bulk  of  ita  occipital  lahe&. 

The  outline  of  the  brain  of  the  Gorilla,  aa  seen  from 
above,  is  that  of  a  broad  ovotd,  though  it  ia  not  po  broad 
aa  that  of  the  Chimpanzee.  Its  anterior  lobes  aro  wide, 
rather  tiballow,  bat  lonf^,  more  bo  oven  than  in  the  Orang^ — 
tliough  the  latter  exhibits  a  greater  complexity  of  its  con- 
volutions* In  vertical  height,  too,  ita  Hemispheres  seem  de- 
cidetlly  superior  to  those  of  the  Chimpanzee  and  the  Oran^; 
but  ita  posterior  or  occipital  lobea  are  distinctly  smaller  and 
shorter  than  they  are  in  either  of  the  other  two  *  man-like ' 
Apes.  The  parietal  lobes  of  the  Gorilla  are  notablo  for 
their  great  size  both  in  width  and  depth,  while  the  cou- 
Tolutions  of  this  region  are  well  dcfmod,  and  decidedly 
more  developed  than  in  other  parts  of  the  brain,  its 
'  aupra-margiual  lobule*  especirdly,  is  larger  and  better 
delined  than  it  is  in  either  of  the  other  'man-like'  Apes. 
The  temporal  lobes  are  comparatively  smaller,  while  their 
convolutions  are  simple,  though  not  very  Bymmetrical  on 
the  two  Bides. 

Owing  to  the  greater  narrowness  of  its  anterior  lobes, 
the  outline  of  the  brain  of  the  Orang,  as  seen  from  above, 
ia  not  nearly  bo  rounded  as  it  is  in  the  Chimpanzee,  and 
it  13  ali^o  rather  narrott'er  lb  an  that  of  the  Gorilla.  The 
anterior  lobes  are  somewhat  {lefieient  iu  length  and  depth, 


Hemiepberes  is  noUblj  more  oblique  thtvn 
owing  principally  to  the  small  siae  and  aball 
occipital  lobes.    In  tliis  latter  respect,  as 
generally  deticioBt  depth  of  tbe  Hemiaphoro 
'with  those  of  Man,  the  Cbinipani;ce  and 
closely  allied. 

On  the  whole,  it  would  appear  that  the  a 
the  Gorilla'a  hrain  aro  Blifjhtly  more  Btibdivii 
plex  tlian  tboHe  of  the  Chimpanzee  ;  though  i 
lliG  brain  of  tho  Orang  ia^  to  about  the  ' 
bUpcrior  to  that  of  the  Gorilla.  As  regard 
exact  symmetry  of  many  of  the  corres]ionding 
of  the  two  Cerebral  Hcniispberea,  that  of  tl 
approaches  most  closely  to  the  atill  more  i| 
metrical  condition  of  the  brain  of  Man,  ^ 

^  'J 

*  Tbia  direction  n  very  well  seen  in  tbe  f3gur<n 
IloUeston  (loc  cit„  pi.  3,  fig.  I],  thouyh  it  iu  not  ao  ^ 
of  Gratiolet  (see  fig.  121  ia  text). 
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a  pre\'ious  chapter  some  account  hue  been  given  of 
0  instiuetive  and  occasioniil  autiotis  of  tbc  higher  Social 
sects,  with  the  effect  of  disclosing  the  extremely  routiuc 
nature  of  their  operntiotis;  these  being  carried  ou  nndor 
e  guidnneo  pcrhiips  of  one,  and  rarely  of  more  than  two, 
ally  potentini  Sense  EnJowmeuts,  The  powet  shoTO  by 
ese  orpianisms  of  adaptiug  their  actions  to  new  condi- 
tions with  which  they  were  brought  fuce  to  face,  was  found 
0  be  very  slight  and  ulraost  wanting. 
Reference  has  uUo  heen  maJe  to  the  instincts  of  Birds, 
the  wider  range  of  mental  phenomena  displayed  by 
ese  animals,  as  well  as  to  their  greater  power  of  adapt- 
ing  their  actions  to  the  exigencies  of  new  conditions. 
The  nervous  system  of  Birds  is,  however,  much  more 
highly  developed  than  that  of  InsectSj  as  is  evidenced 
more  especially  by  their  possession  of  large  Cerebral  Lobea 
for  the  correlation  of  Bonsoriiil  impressions.  Birds  are, 
moreoverj  commonly  guided  by  three  highly  acute  Sense 
Endowments  instead  of  two,  in  addition  to  others  of  minor 
portance. 

Our  consideration  of  the  actions  of  Birds  aflbrded  got>d 
warrant  for  the  inference  that  in  them  the  germs,  or  some- 
times rather  more  than  the  germs,  of  higher  mental 
anifestattons  may  become  nascent  in  the  form  of  rudi' 


of  tbe  Brain  in  QuiidrniiedH  and  Quadrun 
\OTj  marked  increase  in  tbe  relative  size  a 
of  the  Cerebral  Hemispheres  in  each  of  theat 
And  thongli  no  distinct  serial  order  h  to 
must  ho  oliviouH  from  the  preceding  des 
figures,  ibat  the  hrain  of  the  higher  Apes  pi 
R8  great  en  advtince  in  relative  size  and  eo 
that  of  the  higher  Qiiadritpeds,  as  that  which 
the  braiu  of  these  hitter  finimnls  in  comparj 
brain  of  Birds. 

It  remaitis,  therefore,  bricfl)'  to  consider 
the  mental  life  of  Quadrupeds  and  Quadruna| 
parisoD  with  that  of  BirdB.  The  materials  foi 
judgment  upon  this  point  mnat  still  he  of  tli 
as  they  ivere  in  the  case  of  animals  lower  Inil 
organization.  We  can  only  study  their  di 
records  which  have  been  given  of  them,  strii 
pret  them  in  the  manner  prG\ioLiaIy  indicata 
the  reflected  light  derived  from  our  knowlo^ 
intelligence  and  human  actions- — and  yet  itf 
from  the  mere  hutnan  point  of  view,  \ 

It  ia  worth  while  here  to  take  nota  of 
the  most  intelligent  Quadrupeds — and  md 
ElophanlB — have  the  advantage  of  hrinijing' 
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intellectnal  sense  of  Touch  becomes  more  and  more  called 
into  play,  as  it  ia  with  human  beings. 

In  Chapter  XIL  it  has  been  shown  that  Intelligence 
^Bor  Keui^onj  an  well  as  Bmotiou,  bare  their  roots  in,  and 
^Pbonnot  be  separated  frami  Sensorial  Activity ;  and  it  has 
also  been  shown  (pp.  187-191)  that  the  sensorial  endow- 
ments and  mental  attainmonts^  such  as  they  are,  of  all 
animals  whatsoever  tend  to  be  transmitted  in  a  constant 
and  truly  marvellous  manner  to  tlicir  oilspring* 

The  question  of  the  number  and  the  excellence  of  the 
Sense  Endowments  of  particular  khids  of  animals  is,  Ibere- 
fr>re,  of  considerable  importincc  in  relation  to  the  degree 
of  their  IiitGlligence*  Each  practicully  new  addition  or 
greatly  developed  activity  of  this  kind,  in  animals  whose 
iutt'Uigence  is  bo  far  developed  as  to  be  obvious  and 

•indubitable,  cannot  fail  to  give  additional  breadth  and 
jltrength  to  their  mental  operations — to  say  nothing  of  the 
new  special  kno^^'ledge,  resulting  from  its  exercise,  as  to 
the  qualities  of  tbo  outer  world  of  tbiiigs  by  which  such 
organisms  are  surrounded, 

Graduully  altaring  race  experiences,  if  persistent  enough^ 
are  certain  to  leave  their  marks  in  the  form  of  minute  struc- 
tural moditlcatious  of  the  NervouB  System — and  these, 
if  not  actually  recognizable  in  themselveB,  reveal  thera- 
eelves  by  their  effects — that  is,  by  the  manifestation  on  the 
part  of  such  animals  of  new  or  altered  susceptibilities  to 
Impressions  from  external  tliiugs  or  occurrences.  It  is  a 
familiar  fact  that  disuse  blunts  the  sensorial  powers  of 
iodividuftl  animals,  wliile  use  and  exercise  t^nd  to  sharpen 
them.  We  can  easily  imag:ine,  therefore,  what  potent 
modifiers  '  use '  and  *  disuse '  may  be  when  they  hear  respec- 
iKvely  upon  the  same  Sense  Endowments  for  generation 
after  generation  of  some  particular  kind  of  animal, 

Xnasmnch  as  nothing  like  a  single  st^rial  progrcsbiou  ia 


the  shape  of  fossil  relics,  bo  nothing 
progreaaion  is  to  be  looked  for.  Wha 
orgnoization  of  an  animal  may  be,  we  li 
the  nature  of  its  menUii  processes  ami 
raufli  to  its  present  sensorial  organic 
men  ta.  It  is  triTOj  however^  tbat  th 
ancestral  forms  will  Lave  bad  mncli  to 
and  buckf^round  of  the  creature's  Menta 
in  spocial  and  in  general  directions. 

If  the  Mole  and  its  ancestors,  owing  to 
ditiona  of  life,  have  had  little  ne^d  of  eyet 
consequently,  in  the  course  of  gcneratio) 
process  of  atrophy  from  disuse »  tbc  hasii 
proces^ea  of  these  particular  animals  i 
thereby  proportionatt'ly  altered.  Sight  ic 
cut  off,  other  Sensorial  Endowments  wouL 
risen  in  iinportaucc  for  the  daily  conda 
The  sum  total  of  the  neural  impression 
of  swch  animals  would,  tbiirefore,  come  to 
from  tbosG  of  their  near  ally»  tbe  kccn-visi< 
different,  again  ^  must  be  tbo  w*?b  of  senso 
constitutiug  the  basis  of  tbt>  mental  life  q 
wliit-ih  Scents  enter  ao  larjt;cly,  when  cone 
of  the  Whale.  *^if  Pftrnfiiaa^fl^iiaJig 
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the  pccaliar  habits  of  each,  and  the  couseijaently  varying 
nature  of  their  sense  endowments — either  in  the  direc- 
n  of  defect  or  of  hvper-refiaement  in  diBcriminatiTa 
power. 

Tho  space  availuhle  in  this  Tolume  is  wholly  inadequate 
ponnit  of  any  attempt  to  do  more  than  call  the  reader's 
nttention  to  a  few  of  the  more  important  of  the  recorded 
aetiaus  of  some  of  the  moBt  iDtslligent  of  Qaadrupeds  and 
Quadrumaaa.  These,  however,  may  be  useful  for  com- 
parison with  those  recorded  in  previous  chapters  concern- 
1^    jpg  animals  lower  in  the  scale  of  development. 

H(  The  instinctive  operafcions  of  Beavers  are  both  well- 
r^nfiini  and  reniarkable.  While  they  yhow  us  a  much  Icsa 
machine-Hke  sortes  of  actions  than  are  f^xhibitod  by  In- 
Beets,  Beaverii  also  display  a  more  distinct  power  of 
adaptation  to  new  or  unuHual  conditions  than  is  to  be 
met  with  among  Bhds.  They  live  in  colonies,  and  work 
together  in  a  most  akilful  manner  to  bring  about,  by 
Dnmorous  and  complicated  iueanft,  some  common  purpose 
— a  purpose,  moreover,  which  baa  at  different  timoa  to  bo 
executed  under  by  no  means  identical  conditions.  Aa 
Leuret*  points  out,  so  groat  a  variety  of  labours  is  needed 
for  the  constructions  carried  on  by  the  Beaver;  they  in* 

Rliidc  so  many  instniicea  of  a  well-miide  choice;  so  many 
iccidental  dilUculties  are  Burmountcd  by  these  animals, 
hat  it  is  imposBible  not  to  recognize  in  their  acts 
be  chanicteristics  of  a  rather  high  intelligence — even 
though  it  may  be  of  instinctive  ori*^u.  The  fact  of  their 
intelligence  having  this  basis  does  not,  however,  detract  in 
the  least  from  its  dig'nity  and  importance,  aeeiug  that 
instinctive  opetations  constitute  almost  the  necessary 
starting-point  for  that  freer  play  of  choice  and  independent 

"  AnaU  Oomp,  dp  Syst.  Jterv."  t.  i.  18a0»  p,  50G. 


mnca  ae  tie  Has  aoue,  naq 
I  unusual  plasticity  of  org! 
ACS  of  oliservation  and  a  p<ll 


cifllly  of  the  latter— is  well  known  aud  appr 
of  the  hi^;h  intelligence  exhibited  by  Do 
l>erhap9  to  bo  regarded  as  a  distinct  result 
tion  of  individual  auimaU  while  Ihey  have 
Man's  associates  and  helpers.    Under  his 
aptitudes  and  cerebral  organization  of  the 
have  been  slowly  improved.    Still,  nottvii 
advanUfjoa  of  this  association,  the  Dog  could 
profited  by  it  so  much  ae  he  has  done,  ha(| 
endowed  with  an 
getlicr  with  facuUi 
tion  of  no  onlhiary  kind. 

The  faciiUies  of  the  Wild  Dog  are  not  t 
from  those  of  tho  Wolf,  and  in  almost  all  reap 
notably  inferior  to  those  of  animals  whose  at 
been  educated  by  associatioD  wiih  Man. 
will,  however,  hunt  their  prey  in  couples 
concerted  though  varjiug  actions,  calculated 
victims  faJ!  an  easy  prey  to  stratagena*  Do 
been  known  to  adopt  a  very  sinailar  r^!e—i 
when  tho  conspirators  have  been  altogelhc 
size  and  breed. 

Evidence  is  not  wanting  to  show  that 
emotions  of  a  Dog  may  have  an  nltruiatio 
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rded  as  the  joint  profliict  of  the  animal's  intcUigetice 
ioM.  of  its  love  for  its  master  or  mistregs.  Of  the  mani- 
festations of  fiympatby  for  thoir  own  kind  the  records  are 
ComparELtively  source.  Bwaiiison,  hawever^  quotes  a  good 
lEBtance  of  it.    He  eaya*  :  — 


r 


"The  Ue^.  Mr.  S  ,  of  M  ^  DenHghsliire,  liad  a 

fuvourite  Newfoundland  dog,  who   lived  at  krgi^»  purtook  of 
e  beat  of  everyfchingj  and  eierci^ied  liis  power  with  great  mild- 
He  vras  Stieti  more  than  once  leuping  the  gnXe  vrhieh 
fccpanit^d  t>ifl  ynrd  (if  Uio  honne  from  the  farm-yurd,  and  carrying 
large  bon^ti  thait  ha.d  beun  \^VK.'n  him  to  a  eportiflg  dogt  wlio  was 
d  jjp  in  the  ainble.'^ 


Tho  ocpasional  diRlike  of  the  Dog  for  mpmbcrg  of  its 
pwn  species — cngenderod  ftlraost  at  first  eight — ia  sorae- 
imea  strikiog  ecoiigh  in  itself,  but  when  we  fiud  that  a 
memory  of  this  sort  of  Emotion  ia  retaioeJ,  and  routed 
again  after  a  long  period  by  a  simple  Asaotiiiition  of  Ideita 
■romsed,  too,  in  such  force  as  to  stimulate  to  immediate 
aetion — the  fact,  is  one  which  deserves  to  be  record ud  in 
illustration  of  the  mental  and  emotional  procesaea  of  tho 
Dog.  Dr.  Paladilhe,  of  ^loutpelier,  has  cited  an  inters 
eating  instance  of  this  kind.  Being  about  to  spend  some 
days  with  relatives  living  in  a  email  village  about  twenty* 
two  miles  distant^  he  took  his  greyhound  with  him,  she 
ver  having  been  there  before. 


Tt  BO  happened,"  he  aay8,'f-  "that  not  far  off  there  waa  a  hound 
bitch  beloni^iiig  to  one  af  tny  caaslo'e  neighbourBf  and  between  theHo 
ivfo  animals  (from  the  beginning  of  my  short  elay)  lliere  aroee  tho 
dt'ep(?at  hatred  and  animosity,  und  comflicla  of  the  most  fcrocioua 
kind  were  matter*  of  diilly,  alinoat  hourly,  occnrrence.  Time 
altogether  failed  in  producing  any  better  reeling  between  them,  ami 
to  the  end  of  my  visit  oach  wa»  ever  ready  and  anxious  to  try  its 

•  *'  Hubita  and  TnAtincta  of  Animals/'  p.  72. 
t"Natort),"  Anguflt  7,  1873. 


malieii  forward  at  Ler  fuU  speed,  and  all  attempU  td 
proved  quite  inefiectual.    Oa  reaching  the  Tillage  £ 
terrible  cricuutitvr  h^id  already  takou  place  between  ttu 
who  were  on  the  poiut  of  rcncwiag  the  attack  afU 
ceseatitm  of  bostilitica/'  i 

Soma  Dogs  seem  even  to  eutertain  sa  emhi 
'justice  *  and  its  uppoaite,  the  realiiiatioii  of  wi 
to  the  ocDLirroiice  i>£"  mental  processes  of  somi 
fur  BQcb  aniiunls.    Lourct  cites  the  follo^'iiig  { 

**  Arago,  the  aatronomeri  was  once  overtaken  bj, 
Email  villfigo  in  the  eouth  of  France,  ntid  Dureau  da 
related  the  story  (*  Ann.  dca  Sc*  Nut.'  t.  ixii.  1( 
potttigiTs  with  whom  he  had  tiilven  rel'uge  could  on] 
chicktin  for  dinner — and  thia  he  at  oncu'  ordered  to  be 
•jiit  was  provided  with  a  revolving  drum,  into  whii 
Rcou^tomt^d  to  enter  in  order  to  give  it  the  ueceusai 
One  df  the  dnga  kf*pt  for  tbift  purpoae  ttirnspita ' 
called)  WQH  in  the  kitchen,  and  on  the  (^ottuge^  attcm 
it,  the  dog  showed  hia  teeth,  hid  himself,  and  ohslinai 
hia  masler'p  orders.  Arago,  in  Biirprisc,  HFked  the  c 
toM  that  the  dog  rehflled  becanse  it  was  h\n  conij 
The  astPJiionicr  directed  that  the  other  dog:  should  b 
on  it^  arrival,  tit  the  tiret  sign  from  his  moatetT  it  < 
drum  and  turned  the  spit  for  about  ten  tniautes 
completing  the  esj-ieriment,  Arugo  cauBcd  the  diiira 
and  the  dog  liberated,  lellinpf  t!ie  c&ttager  then  to 
Ijrevioualy  restive  apiuml,    The  order  waa  given,  an 


Cjia*.  XVjll.]     POWERS  or  lUGIIElt  BItUTES. 


816 


instance  of  ih\s  bus  lately  boon  cited  hy  Mr.  Charloa 
Stewart,  of  Tiglmduin,  PerLbaliire,    He  saya  : — * 

P  "A  few  yettrs  ago  I  kept  a  coUio  dog  named  'Bodach*  at  my 
farm,  tor  herding  the  milk  cows»  and  who  recoguized  the  dairymaid 
a»  bis  misireBe.  Oo  her  dirt^cling  bim  to  keep  the  cows  on  a  cer- 
tain part  of  a  tleld,  ho  would  lay  himself  down  in  the  centra;  of  a, 
iioe  fixed  by  him  aa  the  pmpcr  limit.  Putiently  and  vigilantly  ho 
would  remain  in  quictno^st,  until  any  of  the  cows  pa&sed  his  limit, 
vrhen  he  would  awoop  down  on  the  trespasBer,  take*  her  by  the 
heels,  and  drive  her  back.  It  wast  wonderful  ia  how  abort  n  time 
the  cowH  came  to  recognise  and  respect  the  ai-rnngcment.  He  also 
came  to  ktiow  eome  of  the  cows  by  name.  One  of  tlietn  naraod 
'  Agi^ '  rcqtiire-l  at  certain  ecasana  to  bo  mlllfed  oftencr  than  the 
others,  and  the  dairymaid  had  only  to  say  in  Gaelic,  *  Bodach,  go 
and  bring  home  Aggi/  when  he  wottld  start  for  the  pasture,  angle 
out  Aggi,  and  bring  her  carefully  home/' 

The  cunniug  of  thu  Fox  ia  proverbial,  ^nd  often  cLaiac- 
terized  by  a  dtigroo  oi  intoUifj^once  which  is  not  a  little 
remarkable^  wbon  we  cunsidur  tbut  it  is  altogether  the 
result  of  the  creature's  unaided  converse  with  Nature — 
and  cci-tainly  independent  of  any  encouragement  from 
Man.  A  good  example  of  tbis  native  intolligence  is  to 
by  found  in  the  folkvviug  iucideuts  t : — 

"Afarmur  looking  out  of  his  window  one  Bammer's  morning 
about  three  o'clock  saw  a  fox  crossing  a  deld  beforo  itf  carrying  a 
large  Jack  that  be  had  ca]^tared.  On  coming  to  a  stone  dyke 
aboAit  four  feet  high,  on  the  side  of  the  field,  lieynard  miLdB 
tin  effort  to  leap  over  U  with  his  prey,  but  Failed,  and  f^^U 
lack  into  the  field.  After  making  three  attempts  with  the 
same  refiuH  he  sat  dnwti  atid  viewed  the  dyko  for  a  fewmioateai 
after  appitreiilly  Batinfyhig  himself,  he  cau<^ht  the  dock  by  the 
head,  and  stand  iug  up  againyt  the  dyke  with  hisi  fore-paivsr  as  high 

*  "Nature,*'  May  1,1870,  p.  21;  another  exeellent  illuBtration 
of  the  intelligence  of  a  dog  is  given  in  "  Nature,"  March  29, 1679, 
p.  458. 

t"  Nature,"  March  27, 1873,  p,  410-,  February  2%  1879.  p.  385; 
oxid  M:arch6,  1879,  p,  m. 


TLb  Hev,  G.  JTenslaw  writes  thus 


"  The  Arctic  fox — too  wary  to  be  eVot  like  the  n 
bait  tied  to  a  strinff,  wKicb  wua  attaclieJ  bo  tho  trtgj 
wonld  (live  un^Jer  the  snow  and  bo  pull  the  bait  d| 
line  af  tire/'  Dr.  Jolm  Kay  adds  that  he  htm  knoJ 
in  which,  uodur  such  couditiontj,  iuRtead  of  ^^'^Ci^'iiB 
into  u  trench  in  tfafl  Btiow  to  avoid  thi;  shot,  an  Arott 
tho  line  altiiching  the  bait  to  the  trigger  of  the 
the  biut/* 

The  large  and  liiglxly  convolutod  brains  of* 
and  of  the  Dolpbiu,  well  a.&  tboao  of  manjw 
nivoreB,  baye  long  beeu  docmed  romarkable 
in  tbeae  Anitnalfl  ;  and  doubts  bavo  been  expre 
their  Mental  FacuUies  arc  in  anyway  oqnal  Lt 
have  been  expected  if  we  look  merely  to  the 
Telopmeut  of  thfir  Corcbral  Jlomisipbercs,  S 
have  already  bocn  niadti  on  tbia  subject,  w 
of  showing  that  the  extraordinary  activity 
muscular  movements  of  these  creatures  ma 
to  do  with  the  great  size  even  of  the  Cerebral 
&a  it  baa  unquostionahly  to  do  with  the  g 
tnent  of  the  Oerebellnm/  Their  voratrity  i 
and  thiH,  together  with  the  rapidity  and  va 

^^^^^^^^^^  ..i..*T..  1^ 
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HiiiinfilB  may  be  much  raoTe  hi^blj  dcTeloped  than  is  geno- 
irally  imagined. 

m  Bttt  we,  nnfortunately,  know  \qfj  little  abont  the  moro 
intimate  habits  of  either  Porpoises  or  Dolphins,  fts  the 
meUiiita  in  which  ihey  live  removes  them  so  much  from  any 
minute  and  continuous  exBrniuation.  Some  few  interesting 
obaervfttions  have,  howeyei*,  been  recorded  coneeming  two 
Porpoises  formerly  in  tho  large  tank  of  the  Brighton 
Aqumum. 

m  W.  SaviUi!  Kent  says;  * — •*The  firet  comer  ao  readily  accoromo- 
7Ut^  iluelf  to  itd  altered  canditioni',  that  qd  the  Eecoiid  'Any  H  took 
ita  fooiii  BDielts  and  npnitflt  from  its  keeper's  hund,  and  has  con- 
tiiiucd  to  do  so  ever  RTneo.  The  later  arrivrtl  wna  at  first  lesa 
eociiibly  iiichuf'd,  but  both  have  latterly  bcoonie  eqtiuUy  tamp»  ntid 
frequently,  while  rocfiving  fish  from  my  hand  willii  the  gyntlenussof 
pet  dogs*  have  p<:'i'ijiiUi:d  iiic  to  put  and  etrukc  their  fillppery  india- 
rab1>er  Uke  bftcka/* 

Curio«iity  is  a  sign  of  Intclli^once  of  a  compamtively 
high  order.  It  may  be  said  to  be  wlmost  absent  in  Eirda^ 
but  it  seems  to  exist  to  a  very  marked  degree  in  the 
ForpoisB. 

W.  Saville  Kent  saya  : — "A  new  arrival  is  at  once  flalvjected  to 
tlie  moat  itnportunu-te  atU^ntioti,  and,  advancing  from  tamiliarity  to 
contempt,  if  diisapproved  of,  *oon  becomes  the  object  of  attack  and 
peraecntian.  A  few  Dog- fiBb,  three  or  four  feet  long,  placed  la  the 
■acae  tank,  sooti  fell  victims  to  the  tyranny  cf  the  PorpcjiHee;  and 
a  fine  SturgeoD,  aix  feet  lung,  was  Ukewiae  tnuoh  persecuted  and 
had  to  be  removed.  This  waa  also  the  case  with  some' large  Skates, 
The  latter,  ho  Iodj;;  as  they  Tuaintained  their  usnal  habit  of  lying 
eluggishly  on  the  floor  of  the  tank,  eecap^d  molettatiou ;  but  no 
sooner  did  these  £e*h  di^^play  any  unwonted  activity  thau  the 
PorptjiBea  wure  upon  them,  iiuil,  mukiiig  a  conrenieiit  hundle  of 
thtjir  eburactcHfitic  attenuated  toila,  worried  them  iMceatiatitly." 
On  one  occasion,  the  same  uhserver  witnessed  "  the  two  Cetaeca 
ftctitrg  evidently  in  concert  against  one  of  the  Skatea.*' 

Kature,"  July  17,  1873,  p.  229. 


UUL  lilUu^  KLuries  Hare  come  down  to  u 
timesj  tUo  general  purport  of  wliicb  seems  1 
rare  dcfcility,  iutelligence,  and  hympatlicti 
and  fable  may  be  here  inextricably  inteniji 
Leuret  sag^feats,  it  Beems  probftble  that 
bflsia  of  triitL  for  these  various  stories.  \ 
in  need,  however,  of  some  accurate  mode 
aB  to  the  iiiibits  and  degree  of  Intelligence 
iutereatiug  creatures,  whose  brain  is  so 
developed*    Swainaon  quotes  Cuvier,  to 
the  l>olphin  **  carefully  suckles  and  ten 
carmrg  them  gently  under  its  pet^toral 
with  and  continuoosly  exercising  them 
Tlie  male  also  attaches  himself  for  life 
companion  J  and  becomes  her  most  zealon 
pratector." 

The  Elephant  ia,  by  general  consent, 
most  sagacioaa  of  all  four-footed  leasts 
of  nature.    It  seems  pretty  certain,  ho 
estimate  would  not  be  applicable  to  hm 
elusive  of  the  Qundrumuna.  ^ 

Like  the  Apos,  the  Elephant  adds  to  ita4 
eudo\\Tncnts  an  acute  and  diflcnniinative  ^ 
Its  prehensile  trunk  serves  all  the  pnrpoj 


OiMi^.  XVKK]     roWKIlS  OF  IIlfiUER  BRUTKS.  819 

j  that  indmdu£il»,  aud  ultimately  tlie  race,  should  benefit 
I    Dineb  tberefvom  iu  the  way  of  iuureased  sagacity.  The 

iruportatice  of  this  point  vfWl  he  best  appreciated  by  those 
'    ysho  know  the  difftireiices  in  poiut  of  Sagacity  between  the 

generality  of  young  dogs  and  those  thnt  have  lived  on  to 

their  full  term  of  active  life.  Far,  if  so  much  difference  in 
|j    this  respect  arises  with  the  r>og  in  the  course  of  eight  or 

ten   years^  we  may  naturnlly  look  for  notably  greater 

effectis  of  the  same  kind  during  a  life  at  least  ten  times 

ftH  long  an  that  of  the  Dog» 
!        On  the  other  band,  it  must  not  be  forgotten  that  the 
I    Ellephant  never  breeds  iu  captivity,  and  therefore  never, 
j    like  the  Dop,  bequeaths  to  succeeding  generations  any  of 

those  higher  develapmcntfi  of  its  faculties  and  powers  which 
j    may  have  resulted  from  its  intercourse  with,  aud  education 

by,  human  associates*  The  individual  Elephant,  there- 
!     fore,  can  be  educated  by  man,  but  the  race  must  have  its 

facultiea  BharpeDDd  in  the  wider  school  presented  by  the 

Bum-tf>tal  of  their  own  natural  surroundings. 

"When  once  tamed,  the  Elephant  becomes,  as  Buffon 
I    says,  the  most  tractable  and  submisBivo  of  all  animale : — 

"  He  ie  afTcctioTiaie  to  liis  keeper,  carenaeB  liim  and  dtfca  what- 
ever he  con  to  pleaee  him»  Id  a  little  time  he  UD(]ersta.i}[Is 
eigTia,  and  even  theeapreesion  of  sounds;  be  diatinpiishea  the  tone 
of  commaadi  that  of  aiiger  or  goodnature,  and  acts  accordingly. 
Ue  never  mtetakea  the  words  of  his  master;  he  receives  biB  oruera 
with  attention,  and  eiecutea  litem  with  pruJenco  and  cagemeaB." 

The  intellifrence  and  sagacity  which  the  Elephant  ifl 
well  known  to  display,  in  aid  of  bis  keepers,  in  capturing 
gaiitis  or  solitary  males  in  the  wild  state^  as  quoted  by 
Hwainsou,'  is  so  suqirising  as  to  be  almost  incredible, 
were  it  not  that  Ihe  facts  are  notoriously  well  attcBiod. 
The  account  is  too  long  to  be  here  quoted. 

•  "Dabita  and  TiislibdH  of  AninnoIs/*p  24, 
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The  same  kind  of  judgment  and  sagacity  are,  hi 
sbowQ  by  the  Elephant  when  he  geta  into  too  soft 
swamp. 

SwainsoQ  writes ;^ — "The  cyUndrical  form  of  an  EJcpliant's 
wliicli  )s  nearly  of  equal  tbidcnese — causes  the  anlrnttl  to  »}tik  v« 
deep  in  heavy  ground,  especially  in  the  irnnldy  baalcd  of  mi 
rivere.  Wht'n  thus  situated,  the  animal  will  endeav^our  to  li« 
biu  ^ide,  bo  09  to  avoid  sinking  deeper;  and,  for  tliia  purpose,  will 
aviiil  Limaelf  of  every  meaue  to  obtain  relief.  The  iisuui  mode  of 
extrii:atii>g  him  is  much  the  eamc  as  when  he  ia  pitted;  that  ii« 
by  supplying  him  liberally  with  slniw,  boughs,  grass,  ttc;  Xhao 
maleriala  being  thrown  to  tlic  difllreufted  onimal  he  forc«»  th«ra 
down  with  liis  trunk,  till  they  are  lodged  under  h\a  fore^fieet  in 
snt&cient  quatility  to  rt'KiKt  his  prefiaure.  Huving  Lhng  fonned  m 
BuHieient  hmh  for  exertion,  the  RBgncioua  anicnii]  next  prooeed*)  to 
thrust  olht^r  bmidlen  under  hia  Mlj,  and  as  fur  Iwick  under  his 
flanks  itei  be  ran  reach;  when  snch  a  baaiti  is  formed  as  may  be. 
his  nrinJt  proper  to  proceed  npnti,  be  throws  hia  whol«  weight  f 
wardi:^.  QTid  gets  hla  hmd  feet  ^raduall}^  upon  tbe  straw,  Bei 
oneu  continued  on  u  eohd  footing,  he  will  next  place  the  ancceddia 
bnhdlea  before  him,  presBing  them  well  with  his  trunle,  ao  as  to  form 
B  causeway  by  which  to  reiieb  the  firm  ground.**  "  Hi^  wilt  not  bear 
any  weight,  definitely,  until  by  trial  both  with  his  trunk  and  the 
next  fcKft  that  is  to  i>e  planted,  he  has  completely  BatiaGed  hit 
of  the  |irmne»s  of  the  ground  Ke  is  to  tread  upon.  ,  .  .  .  -  T 
anxiety  of  tho  animal,  \vhen  bcniired,  furnia  a  strong  ctjiitnutt  witll 
the  pleasure  he  eo  strongly  evinces  on  arriving  at  U-na  jirma^'* 

The  following  particulars  were  among  those  reported 
the  Academy  of  Sciences,  concerning  a  youDg  auizo 
the  property  of  Louis  XIV,,  whiiih  waa  kept  for  a 
at  Versailles  : — 

The  Elephant  seemed  to  discern  vihen  anybody  made  a  foot  of 
him;  and  he  renietnbered  the  aJfront,  to  he  revenged  uf  it  at  the 
first  oppt>rtuiiity.  Having  been  bnulked  by  a  man  who  feiyned  to 
thmw  Poim*thini{  intti  his  month,  he  struck  him  with  bia  trunk  ai 
br<)ke  two  of  hiu  ribs,  aftcrw&rda  he  trampled  him  tinder  hi§ 
rK4:t>  •  •  •  .  *  A  paintvr  was  desiroua  of  sketching  him  iu  an 
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extraordiaary  aUitude,  that  ia  with  bis  trunk  erect  and  mouth  open* 
The  aervatit  of  tiia  painter  to  make  him  retain  that  atlitode  threw 
fruits  iuto  hifl  mouth  ;  but  afterwartld  be  deceived  him,  wJiich  pro- 
voked the  clcphaul's  juJigtiaf ion  ;  aridj  as  if  he  had  known  that 
the  cause  of  this  deception  was  the  painter^s  deajre  of  haviu^f  him 
drawn,  he  revenged  himself  oa  the  maater  by  throwing'  with  Uih 
trunk  a  great  quantity  of  wutt^r,  which  spoiled  the  paper  iutendtid 
for  his  deuign." 

As  a  well-authenticated  instaBco  of  tbe  Memury  of  the 
Kk>phfLiit,  and  of  bis  obedience  ta  hin  keeper^  Swamson 
gives  the  following  story  recorded  hj  Captftin  Williatnsoa, 
&nd  attested  by  the  signatures  of  several  persons  who 
were  witnesses  of  the  occurrence: — 

"  An  Elephant  that  had  been  some  years  domeatitfated  got  loose 
durmg  a  stortny  night,  and  rambled  i«to  his  native  jungles.  About 
four  years  afterwards,  when  a  larfje  dnjve  had  been  captnred  m  the 
'  keddah,'  the  keepor  of  the  lost  one,  along  with  others  of  the  natipei*, 
had  ascended  the  barricatJo  of  timber  by  which  it  waa  smroundt^d, 
toinepcctlhe  newgueatfl;  among  them  he  fancied  he  recogniEed 
hiB  former  charge,  and,  though  ridicultfd  by  his  comrades,  he  ealled 
to  the  elephatit  in  question  by  the  name  which  it  had  formerly 
bflrne.  To  the  wonder  of  all  present  the  animal  came  towards 
him*  The  mufit  overjoyed  at  the  eveot,  got  over  the  barrier,  and 
ordering  the  elephant  to  lie  down  to  be  motinied,  he  bestrodo 
its  neck  as  ia  former  times  and  eiultingly  ted  it  forth,  to  the 
admiration  and  anrpnse  of  all  present." 

With  Memory  such  as  Ihift,  with  a  power  of  fixing  ita 
Attention,  with  a  plastic  nen'ous  system,  and  with  a  very 
long  life  for  each  individual,  the  remarkable  Sa*racity  of 
these  Btiiruak  may  he  in  a  tnen^ure  under£»tood. 

High,  however,  as  is  the  Intelligence  of  the  Elephaut, 
it  is  nnquestionably  much  below  that  of  many  of  the 
Quadrumana— even  of  some  whose  zoological  staiaa  is 
inferior  to  that  of  the  great  '  man-like  '  Apes.  Wiio,  that 
has  watehed  any  of  these  cre-atures,  does  not  know  their 
Tttried  powers  of  appreciating  the  conditiona  around 
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them,  and  of  sbaping  their  actions  into  sotDe  accorJan 
therewith — as  well  as  the  range  and  complexity  of  th 
Emotions  which  they  are  capable  of  foeliu*^  aud  plaiulf 
manifesting  on  different  occasions. 

In  re{]jard  to  the  Cui,  or  Weeper  Capachin,  one  of  t 
long-taikd  New  World  Monkej^s, — 

P.  M.  Duncan  (Casaeira  "  Xat.  Kiatory,"  p.  184)  qnotes 
to  the  effectt  that  wlien  he  first  gav^e  ^ggs  to  the^e  atiimals 
emnslipd  them,  and  thus  toatitmch  of  Ihcir  contonla;  aflcrffMiidg  in 
gvntly  put  oneeud  a^inat  some  hard  body  and  picliod  off  lliu  in 
of  f^hel)  with  their  finger*,  Afl^r  en  tti  tig  tli  em  selves  only  once  wi 
&  shiirp  tool  tliey  would  jjot  touch  it  agiiin,  or  would  ha»dl«  it  wi 
the  greatest  care.  Lumps  of  sugar  were  ofi*n  given  them  irmpjo^d 
up  in  paper,  and  E«iigger  aomeilmea  pnt  a  live  waap  in  the  pttpcr. 
Att^rtbis  had  happened  once,  they  alwnya  first  held  the  pack«t  to 
their  cara  to  dt^tenit  any  movement  within/' 

The  same  writer  in  his  account  of  a  female  Chacma, 
or  Pig-tftiled  Bithoon  (lot;,  cit,,  p.  140),  says  : — 

She    not  only   adopted  young  Monkcya  of  other  ffpeci««v 
but  bLuIo  yqung  dnga  and  cata,  whit-li  she  continuully  ciirrit'd 
nhout.    Hvr  kindness,  however,  <^id  not  gu  £0  far  &s  to  share  he? 
food  with  her  adopted  offjipring.    An  adopted  kitten  scrat^htid  Lh- 
afre(:;tioiiato  and  aelBsh  old  thing',  who  certaitdy  bod  a  fine  int^U 
for  she  was  much  agtonfuhed  at  being^  Bcmtched,  and  imRicdiatct 
examined  tb«  kitten's  feet,  and  withont  more  ado  bit  off  th»  cluws  t 

The  Sftuie  writer  also  eites  (loc.  cit.,  p.  184,)  the  folio 
ing  romarkflble  instance  of  lutelligeoce  : — 

"Formerly  on©  of  the  large  Monbeya  in  the  Zoological  Oardeos 
bad  wf!ak  teeth,  and  be  xtsed  to  brcuk  open  the  uuta  with  a  atotie. 
Mr.  Dni-win  was  aasured  by  the  keepers  that  thi«  Animal,  after 
miitg  the  stone  hid  it  in  the  0traw«  and  would  aot  let  any  other 
Uoakey  lo\ich  it.*' 

The  development  of  lutcllig^mce^  Kmotjon,  aud  Voli- 
tion, which  becomes  bo  obvioua  in  lowor  Quudrumano, 
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is,  Lowever,  recognizable  in  a  still  more  sti-ikiug;  degree, 
when  wc  come  to  the  so-called  *  man-like  '  Apes,  \ri,^  the 
Gibbons,  the  €himpan2<)e,  the  Gorilla,  aud  the  Oraug- 
utaii,  as  Q.  few  details  will  show. 

A  writer  in  "  Nature  "  (Jan,  29,  1874)  says 

"Ikeepmmy  garden  a  number  of  GibboQ  &'peSr{IIylobaif2»ag{lu)\ 
they  live  qnite  free  froni  all  restraint  in  the  trees,  merely  coming  ivlicn 
called  to  be  fed.  One  ol  thewe^a  young  male,  on  oneoccasiou  fell  from 
a  tree  and  dislocated  his  wrist;  it  received  the  greivte&t  attention 
from  the  otliere,  especially  from  an  old  feaiale,  who,  hovrevLT*  was 
ug  relation ;  she  used^  befnre  eating  h<rr  owa  plantains,  to  tako 
np  the  first  that  wcro  oStred  to  her  every  day  and  give  t!iem  to 
the  cnpple.whu  was  living  in  tJie  eaves  of  a  wooden  house;  and 
I  have  frequently  noticed  that  a  cty  of  fright,  pain  or  distress  from 
cue,  wTQuld  bring  all  the  others  at  once  ta  the  complatnQr,  and  they 
would  then  condole  Hith  him  and  fold  him  in  Iheir  arni^/' 

Conceitiing  the  lari^jest  of  the  Gibbons,  the  Siamang,  a 
native  of  Sumatra,  some  interestingly  details  have  been 
given  by  G.  Bennett,*  of  an  animal  whicli  ha  brought 
home  with  bim  from  Simgapore.  "Its  disposition  was 
gentle  but  animated  and  lively ;  and  it  delighted  in 
playing  frolics.  With  a  little  Papuan  child  on  board 
this  Siaraang  became  Tery  intimate ;  they  might  often 
be  seen  sitting  near  the  capstan,  the  animal  with  its  lon^: 
arm  round  her  ueek,  eating  biscuit  together.  In  hia 
gambols  with  the  child  he  would  roll  on  deck  with  her, 
as  if  in  mock  combat.  .  »  .  .  .  Hia  temper,  however, 
was  irritable,  and  on  being  disappointed,  or  confined,  ho 
would  throw  himself  into  fits  of  rage,  Bcreamin<^,  rolling 
about,  and  dashing  everything  aside  within  his  reach  ; 
he  would  then  rise^  walk  about  in  a  hunied  manner,  and 
repeat  the  Bcene  as  before.  With  the  cessation  of  bis  fit 
of  anger  ho  did  not  ahauduu  his  purpose,  and  often 

*  KntgUl*8  "  I'ivtoriul  31  uaeuni  of  Aaiiuatcd  NtUuro,"  p.  31, 
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gained  Ms  point  hy  stratagem  whoa  he  found  that 
Tioltjuce  was  of  do  avail/* 

All  inataui^B  of  this  animars  Intolligeoc^  is  ^Ten  wLidi 
is  very  interesting: — 

*'  Atnoog  Tarious  articlea  in  Mr,  Bennett's  cabin  a  pitce  of  »oap 
grently  atlracted  his  att«nlioti,  and  for  tlie  removal  of  this  soap  ha 
had  beea  pace  or  twice  scolded.    One  luorniDg;  Mr.  BemiHiwai 
vritiDg^  the  Siannaag  being  present  m  the  cabin,  when*  easting  his 
ejea  towards  tlie  animal,  fae  observed  him  taking  the  Boap^  'I 
watched  him/  says  the  narrator,  '  without  his  perceiving  that  I 
did  Ko;  be  occasioually  ca£t  a  fnrtive  glance  towards  the  place 
■where  1  eat;  I  pretended  to  writer  he,  seeing  me  bnailj  eo^a^ed, 
took  up  the  Boap  and  moved  away  with  it  ia  his  paw.  lA'hen 
had  walked  hnU  the  length  of  theeabiQ,  I  spoke  qnietly,  withi 
frij^hteaing  him.    The  instaot  he  fonnd  I  saw  him.  he  walked 
again,  and  deposited  the  voap  aearlj  in  the  ftame  place  wheooe 
had  takeo  it:  tlias  betiayinf;  both  br  hia  fint  and  last  actioaa 
eocMOkOQSDeea  of  having  done  wrong.** 

DuvauQcel  savs  : — "  If  a  }'oang  one  be  trounded, 
mother,  who  carries  it  or  follows  it  closely,  remains  wttfi 
it,  utters  tlie  moet  lamentable  cries,  and  mshes  apon  tbo 
enemy  with  open  mouth ;  but  being  unfitted  for  combat 
Itnows  neither  how  to  deal  nor  shaa  a  blow.    It  is/* 
be  adds,  *' a  canons  and  interesting  spectacle*  which  ^ 
little  precantion  has  sometimes  enabled  me  to  witness,  to 
see  the  females  carrying  their  yocmg  ones  to  the  water, 
and  there  waah  their  boM  in  sptt^  of  their  childish 
outcries — bestowing  a  degm  of  tinie  aiid  caro  otk  their 
cleanliness  which*  in  many  cases,  the  fibi^Arcii  gox 
own  speciea  might  enry** 

In  the  conformation  of  their  hrmtA 
the  Qocilla,  and  the  Orang  approach,«»  ^^^a**  ""^ 
most  dowly  to  that  of  Man;  but  it  mnsfc^^j^**^  ^ 
that  althoogh  iu  gonaral  a^a|^,  itt 
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Fissures,  and  in  the  arrangement  of  its  ConvolutionSj  as 
far  as  they  go,  there  is  this  striking  reseraLlanco  to  tbe 
bnmnu  brain,  yet  in  actual  size  or  wei^^'ht  tbe  brain  of  tbe 
*  man-like  *  Apes  U  widely  sepflrated  from  that  of  Man, 
The  boaviest  bram  belonging  to  one  of  tbese  creaturea, 
as  jet  eTtamiiicd,  has  been  barely  ono^baU  of  the  weight  of 
tbe  smallest  normal  human  brains,  although  tbe  weight 
of  tbe  entire  body  in  the  great  GoriJU  may  be  nearly 
double  that  of  an  ordinary  Man.  The  brains  of  tbese 
three  kinds  of  '  man-like  '  Apes  differ  considerably  among 
themselves ;  as  we  have  seen,  each  in  some  reapects 
approaches  nearer  to  that  of  Man  tlian  the  others,  though 
on  the  whole  it  is  considered  that  the  brain  of  tbo  Orang 
la  slightly  higher  id  type  than  that  of  the  other  two. 
They  likewise  dilTer  from  one  another  a  good  deal  in 
diRpositiou  and  in  general  bearing. 

Some  years  ago  a  Tory  intercBtiog  baby  Chimpanzee 
was  obtained  ficm  the  natives  of  tbo  Gambia  coast. 
His  mother  bad  been  shot  when  ho  was  about  twelve 
nionths  old,  and  after  a  short  time  he  was  sent  to  London, 
and  became  famous,  young  as  he  was,  for  his  great 
intelligence  and  human-like  conduct.  Soon  after  his 
arrival  ut  the  Zoological  Gardens,  thia  young  China- 
pauifee  was  viBitod  by  a  distingniahed  zoologist,  Mr. 
Broderip,  who  baa  given  the  following  account  of  him 
(Ca«aeir&  "  Nat.  Hist,,"  p,  5i) 

"I  Haw  him  for  the  firat  time  in  the  kitcLea  "behnglng  to  th<J 
keepers  aparttnonta,  dressed  in  a  liltlo  Gucrnaey  shirt,  or  banyan 
jacket.  He  waa  Hitting  child-like  in  the  lap  of  a  good  old  woman, 
to  whom  he  dong  whenever  she  maUtj  show  of  patting  hira  down. 
■  *  •  *  .  Se  HhJ  already  become  very  fotid  of  hia  good  o!d  nttraa, 
B«J  «lie  had  evidtfutly  become  attached  to  her  nnr*lx£ig,  nlthongti 

*eyi»«d  onlj  been  acqtiainted  for  three  or  four  days  On 

cmtacti^'  ^""^  wlien  he  had  become  fiimiiiar  with  me,  I 

'  DiiJst  of  his  plrty»  a  looking-glasato  be  brought  and 

15 
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Lcld  before  lilm.  His  atlLiitioa  waa  constantly  and  atrong'ljT 
nrrefjtetl :  from  the  utmost  activity  he  became  immovablj  fired, 
HtpodfuBtly  ga^ingat  the  mirror  with  eagernesB,  and  aometbiug  like 
■wonder  depicted  in  his  face.  He  at  U-ngth  looked  op  at  me,  tben 
ngtiin  gazed  at  the  glasfl.  Tlie  tips  of  my  fiagera  appeared  on  on« 
ftide  as  X  held  it;  he  put  his  hands  and  then  hi«  lips  to  thewt  then 
looked  hehiud  the  gUisa^  and  Hually  passed  hia  hands  behind  it, 
evidently  to  feci  if  there  were  anjthiug  snhstantial  there.  .  .  .  Aa 
I  waa  matfiiig  noten  with  a  paper  and  pencil^  he  camonp  and  looked 
at  tne  inqtiit.i Lively,  testing  the  pencil  with  hia  teeth  when  he  had 
it  given  to  him.  A  trial  was  made  of  the  little  ft'Uow'B  coniage; 
for,  when  his  attention  was  directed  elsewhere,  a  hamper  contalniBg 
a  tai*gc  anDbc,  called  Python,  was  brought  in  and  placed  on  a  chair 
near  the  dresser.  The  IiJ  was  raised,  and  the  bucket  in  which  Um 
snake  waa  enveloped  was  opened,  and  soon  after  Tommy  cama 
gamhollitjg  that  wny.  As  he  jnmpt*d  and  daiiceti  lUoog  the  Arcuer 
towards  the  basket  he  waa  all  gaiety  and  lifo;  eaddenly  h©  fieemed 
to  Ik  taken  aback,  stopped,  cautiouE^ly  ridvanoedtQwardit  thebaaket. 
peered  or  rather  craned  over  it^  and  inatantly.  with  ft  gesture  of 
horror  and  aversion,  and  the  cry  of  *  Hoo  1  hoo ! '  recoiled  from  the 
detested  object,  jumped  back  as  far  as  he  could,  and  then  Bpraag  to 
his  keeper  for  protection.  Tommy  doca  not  like  confinement,  and 
when  he  19  lahut  up  in  hi^  eage,  the  violence  with  which  he  pulls  at 
and  ftbakefl  the  door  ia  veiy  great,  and  bhowacoDJaiderable  strength; 
but  I  have  nei.'er  seen  him  u^e  thi««gertion  against  any  other  part 
of  the  cage,  though  hitt  keeper  has  endeavoured  to  induce  him  to 
do  Bo,  in  order  to  iiee  whether  he  would  jtmke  the  distiaction.  Then 
ho  went  to  a  window^  o{>cned  it  und  looked  out.  I  was  a^td  that 
he  might  make  hia  escape,  bnt  the  words  'Tommy,  nol'  pro- 
nounced by  the  keeper  in  a  miJd  bnt  firm  tone,  caused  him  to  shut 
the  window  and  to  come  away,  Hq  h,  m  truth,  a  most  docile  and 
aSeetionnte  animal,  and  it  is  intpoBHible  not  to  be  taken  with  th^ 
expressive  geatnrei}  and  looks  with  which  he  courts  your  good 
opinion,  and  throws  himself  upon  you  for  protection  against 
annoyance," 

Whether  these  animals  grow  cross  and  sara^  as  th 
get  old,  after  the  mnniier  of  Monkeys  gGii*?rally,  is  not 
knowTjp  for  no  adults  hftve  been  kept  iu  captinty ;  we  Lave, 
therefore,  also  no  moana  of  formiug  an  opinion  of 
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degree  of  Intell]*^euce  wliioli  they  are  capable  of  dispUying 
in  their  adult  cotitlition,* 

We  labour  under  the  same  diaadmatage  in  regard  to 
the  Gorilla,  though  Mr.  Moore,  the  Curator  of  the  Frua 
Poblic  Museum,  Liverpool,  haa  given  us  somo  interest- 
lag  particulars  coneeming  a  young  malej  three  feet  higb^ 
and  between  two  and  three  years  old,  which  was  brought 
to  that  city  by  the  German  African  Society^s  Expedition. t 

■*  Conld  it  hare  graced/*  says  this  obaerver^  "  our  Zoological 
Ganlens,  it  would  have  been  the  Uou  t>f  the  day,  for  in  additioa 
Ui  tho  great  scientific  tntereat  of  the  Bp<}d<^a,  the  abounding  Hfi?, 
energy,  and  joyous  spirits  of  this  example  would  have  made  it 
li  nmrereal  favourite.  Courteously  received  at  Eherle^s  Alei- 
andrs,  Hotel  by  the  noembera  of  the  E^tpedltioa,  I  fauad  the 
creature  romping  aud  rolhng  ia  full  liberty  about  the  private 
drawing-room,  now  looliing;  out  of  the  window  with  all  becom- 
ing gravity  aud  H&datenfas,  as  though  interested  but  not  discon- 
certed by  the  buay  mullitude  and  norelty  withoat*  then  bounding 
mpiJly  along  ou  knuckles  and  feet  to  examine  and  p«ke  fun  at 

•  The  jmportanco  of  Attention  aj?  one  principal  factor  in  the 
intelligenoe  of  antmais  is  illustrated  by  the  following  interesting 
facta  communicated  tf>  Darwin  by  Mr.  Bnrtlctt,  of  the  Zoological 
Gardens: — "A  roan  who  trains  Monkeys  to  act  used  to  parchaee 
eomraoo  kinds  from  the  Zoological  Society,  at  the  coat  of  five 
pounds  each^  but  he  offered  to  give  doable  that  price  if  he  might 
keep  three  or  four  of  them  for  a  few  days,  in  order  to  select  one. 
Whtn  asked  how  he  could  possibly  bo  soon  leiirn  wliether  a  par- 
ticular Monkey  would  turn  out  a  good  actor,  he  answered  that  it 
all  depended  upon  their  power  of  attention.  If,  when  he  waa 
talking  and  eiplaiuing  anything  to  a  Monkey,  its  attention  was 
easHy  diatriicted,  as  by  a  fly  on  a  wall  or  other  trifling  object,  the 
case  was  hopeless.  If  he  tned  punishment  to  make  an  inattentive 
Monkey  act,  it  turned  sulky.  On  the  other  hand*  a  Monkey  which 
carefully  attended  to  him  CJDnldiilwaya  be  trained."  Tho  tendency 
toimitution  which  Apea  and  Monkcya  often  manifest  in  a  hi^h 
degreiv  dotibllesH  much  fuoilitntes  their  acquisition  of  new  motor 
accom  pi  isli  m  p  n  t« , 

k  t  Quoted  in  CaascU  s  *^Nat.  Hiat."  vol  i.  p.  35, 
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Bome  new  comerp  playfully  mnmblmg  at  hb  oalveSt  ptilling  at  liii 
beard  (a  spi^cui.1  ddiglitj,  clinging  to  his  artne,  ex&minitig  kia  hat 
(not  at  all  to  its  injpmvement),  curimisly  inqniaitWe  as  to  Ku 
Umbrella,  and  so  oq  with  Tiwitor  after  viBitor,  If  he  \}ecom*!^  over* 
excited  hy  th*  fun,  a  gentle  boi  on  the  ear  would  bnc}^  him  toorderj 
like  a  child,  only  to  he  on  the  rompa  again  immediattily.  He  pouito 
with  tho  itidex'fin^er,  claps  with  his  hands,  put*  out  hia  tougtac^ 
feeds  on  a  mixed  diet*  decidedly  prefera  roast  meats  to  boiJfd,  eat« 
strawberriee,  as  I  saw,  with  delicate  appreciativeuess,  ia  exqwisitivelj 
Hcan  and  niELtinerly.  Th«  palma  of  his  handa  and  feet  are  bcaati- 
fully  pluoip,  soft,  a^pd  bWk  as  jet.  He  baa  b«ea  eight  mouths  and 
a  half  in  the  iJOsaeaBion  of  the  Expedition/* 

This  Biiinial  was  very  Bbortly  afterwards  taken  to 
Barlin,  and  a  paragpapli  in  **  Nature,'*  Nov.  9»  187G,  f^veg 
some  further  interesting  particulars  concerning  him,  wLich 
vere  communicated  by  Dr*  Hermes  to  the  meeting  of  the 
'  German  Association  of  Naturalists  and  Fbysieians.*  i 

**  He  nods  and  clnpa  hie  haods  to  visitors;  walses  np  like  a  mailt 
and  Btr«tcheB  himself  Hiskeeper  aiuat  ahvaya  be  beaide  him,  anii 
eat  with  him/'  They  partake  of  the  same  food.  He  bleeps  for 
eight  hours.  "  Hia  easy  hfe  haji  increased  his  ^veight  ia  a  few 
moTiths  from  thirty-one  to  tbirty-aeven  pounda.  For  soma  weelifl 
hv  had  inflaiamation  of  the  lu^ga,  ^hen  biti  old  friend  Dr.  Falkca- 
fltdu  waa  Tetcheii,  who  treated  him  with  qninine  and  Bins  water, 
which  made  bim  1^tti?r.  When  Dr.  Hermes  lefl  the  Gorilla  on  ths 
p  re  V 10 11  fl  S  unday  th  e  latter  sho  wed  th  &  doc  tor  his  tongue^ 
clupped  hiH  bauds,  and  sqiieesC'd  the  hand  of  the  doctor,  ai 
an  indication,  the  latter  bt'lii-'vedf  of  hia  recovery*  In  fact  the 
Gotilla  IS  now  oac  of  the  moai  popular  inhabitants  of  the  Pra&sian 
capital/'  In  July,  187",  he  paid  a  visit  to  London,  aiid  fully  aaa- 
taioed  the  repututiou  he  had  already  acquired. 

Speahing  of  an  Orang  wUch  he  liad  examined  mid 
watched,  Buffun  says  : — 

"Its  air  wufl  m^ltincholy,  its  dci>ortment  grave,  its  nature  mor* 
gentii?  and  wty  ditferent  from  other  apCH*  Unliko  the  baboon  or 
the  monkry,  whoae  motions  are  violent  aud  appetiteg  eapriciouit, 
wWi  arc  fund  of  luioehiof,  and  only  obodiont  through  fisar,  u  look 
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sauffiinent  to  keep  it  in  nwe.  I  have  aeen  it  give  its  hand  to  atow 
the  company  to  the  door,  tbut  cuine  to  sih:  it,  iind  it  would  walk 
gravely  with  them  as  if  ono  of  the  society,  I  have  sean  it  ait  iit 
table,  unfold  its  napkin,  wipe  its  lipR,  mu>ke  use  of  the  eijooti  [tnd 
fork  to  carry  the  victuals  la  its  mouth,  pour  out  its  dnok  into  a 
gleiSB,  touch  g^iis'^ea  when  invited,  take  a  cup  and  saucer  and  lay 
them  on  tlie  table,  put  iu  isufrar,  pour  out  its  ten,  leave  it  tu  cool 
before  drinking^  and  all  bhia  ^vithoiituny  other  inutigaiion  thaa  the 
fiigtis  or  command  of  its  master,  und  ofteu  of  its  own  accord.  It 
wofl  gentle  and  iooffengivti:  it  even  approached  strangerB  with 
respect,  and  oaniti  rather  to  receive  careaeea  than  to  ofFi^r  iujuriea ; 
it  ate  of  altut^at  averything  that  waa  offered  to  it,  but  it  preferred 
dry  aud  ripe  fruit  to  fill  other  aliiuuuLs.  It  would  driuk  wioe,  but 
in  «iiiul)  qoantitiea,  and  wilbn^lyioft  it  fornjilk,  or  auy  other  eweet 

Again  ID  regard  to  the  high  degree  of  lutelligence  of 
the  Oraijg,  we  Lave  the  following^  on  tho  beat  of  testi- 
mony, from  Learet,  who  saye*: — 

"One  of  the  OraiigB*  which  recently  died  at  the  Menagerie 
of  the'  Miis6e,  was  aiiH^uatoined,  ivhvzi  the  dLuaer-koar  htiid  come, 
to  open  the  dixir  of  tho  room  whtre  he  toolc  hia  meula  in 
company  with  several  perfjoug.  Aa  lie  was  aot  gufEciently  tjdl  to 
reach  aii  far  aa  the  key  uf  tlie  door,  he  huug  oa  to  u  rope,  balaneed 
bi[iTsetr,  and  after  a  few  o^uiliationa  very  quickly  rcEichod  the  key. 
nia  ke<?per,  who  was  rather  worried  by  so  luuch  exactitude,  one  diiy 
took  occasion  t-o  make  three  kiiota  hi  the  rope,  whioh,  havitig  thus 
been  made  too  short,  no  longer  permitted  the  Orang-outau  to  setae 
the  key.  The  animal,  at^r  an  ineffectual -attempt,  rccoijuhiug  tke 
iitittire  of  llt^  uhsUich  which  o^possd  hU  deairCf  cUtnbfd  up  tha 
rope,  pltic*id  h hue i'!/ above  tho  kttotg,  aud  untivtl  all  ihfuc^  in  the 
pre!«,^nce  of  M.  G-eofi'roy  Saint-IIilaire*  who  related  the  fact  to  me. 
The  same  ajie  wiabing  to  open  a  door,  his  keeiier  gtive  him  a  bunch 
oftirteen  ki'ys;  tlio  ape  tried  them  in  turn  till  Ite  had  found  the  oue 
which  he  wanted.  Another  time  a  bur  of  irou  was  put  into  hia 
handsj  aud  he  loade  nae  of  it  aa  a  lever." 

Unfortunately  nothing  itj  Baid  as  to  tho  age  of  thia 
uuimalj  whose  power  of  realizing  the  nature  of  unfamiliar 
*  '  Anat.  Coinp.  du  Syat.  Ncrv/'  t  i.  p.  510. 
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About  the  middle  of  the  last  century  the  ccleLratcdDiivid 
Hartley  wrote*: — ^**It  is  remarkable  tbat  Apes,  \vbofio 
bodies  resemble  the  human  body  more  than  those  of  any 
other  brute  creature,  and  whose  intellectii  also  approach 
nearer  to  ours — which  last  circumstanco  mtiy,  I  suppose, 
liavo  some  couiiection  with  the  first — should  likewise 
resemble  us  so  much  in  the  faculty  of  imitation,  Their 
aptness  in  handling  is  plainly  the  result  of  the  shape  and 
make  of  their  fore-legs  and  their  intellects  together,  as 
in  us.  Their  peculiar  chattering  may  perhaps  he  'some 
attempt  towards  speech,  to  which  they  cannot  attain, 
partly  from  the  defect  in  the  organs ;  partly,  and  that 
chiefiy^  from  the  narrowness  of  their  memories,  appre- 
beneions,  and  associations,'* 

If  the  anthropoid  Apes,  possessing  as  they  do  such  a 
well  defined  basis  of  Intelligence  and  Emotion,  were 
endowed  with  Articulate  Speech,  bo  that  they  might 
benefit  and  mutually  instruct  one  another — even  merely 
by  oral  traditions  and  communications — how  great  a  pro- 
gress in  the  degree  and  range  of  thoir  Intelligence  might 
be  expected  after  a  few  hundred  generations  had  lived 
under  the  influence  of  such  conditionB, 

»  "  Obscrrationa  on  Miin,"  tith  Ed.,  1834,  p.  165. 
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DBVJilLOPMENT  OF  THE  HUMAN  BUATN  DURtNO  UTERINE  1, 

In  the  long  axis  of  the  clear  *  f^orminal  area*  of  the  humfiiiE 
inipregnftted  Ovum,  there  appears  an  opaque  liue  of  youtjg 
tifisne  known  as  the  '  chonla  dorsaliB/ 

Above  this,  and  along  its  entire  extent,  a  shallow 
'primitive  groove*  is  found,  wliicL  soon  bocomea  bounded 
on  each  side  by  an  up-growing  lamina  of  new  embryonie 
tissue.  These  InmiuiD  gradually  approach  one  another, 
and  ultimately  unite  over  the  before-mcutloned  *  primitive 
groove'  BO  as  to  form  a  distinct  tube  closed  at  each  end. 

The  intenial  layer  of  thia  tube  grows  in  Ibickness  ao 
that  its  bore  becomes  c^radually  narrower.  It  soon  differ- 
entiates also  into  two  distinct  textures.  The  most  internal 
of  these,  viz.,  that  immediately  surrounding  the  dimiuisbed 
central  canal,  is  compoBed  of  embryonic  nerve  tissue,  and 
is  destined  to  develop  into  the  Cerebro-Spinal  Axis. 

The  diameter  of  this  hollow^  rudimcnta^^  nervous  axis 
IB  not  uniform  throughout  its  whole  extent.  Even  before 
the  lamin©  completely  close  over  the  *  primitive  groove/ 
the  anterior  extremity  of  the  embryo  tube  swells  into 
three  dilatations  immediately  contiguous  to  one  another; 
and  it  is  from  the  nerve  tissue  in  these  awellings,  together 
witli  that  of  certain  important  outgrowths  therefrom,  that 
the  several  parts  of  the  Human  Brain  aro  developed, 
From  the  portion  of  the  tube  behind  the  three  swellitigs 
the  Spinal  Cord  is  formed. 
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The  mode  of  origin  of,  as  well  as  the  early  changes 
takinrj  place  in,  these  three  nei'vous  Tesiclee  are  csacntitilly 
&jmtlar,  up  to  Ctirtaiu  stages,  throughout  the  Vertcbrata. 
From  Bucli  a  basiSj,  common  to  all,  the  several  types  of 
Vertebrate  Brain  are  developed.  Our  attention  must,  how- 
ever, now  be  couHued  to  tracing  in  brief  outline  the  mode 
in  which  the  brain  of  Man  gradually  develops  from  the 
Btmple  stages  cominon  to  it  and  tin?  Veii^cbratfl  generally. 

In  oriier  that  the  reader's  atteiitioii  tnaj  more  effectively 
concentrated  upon  the  aubseqiient  changes  nnderffone  by  the  three 
sweltiDgs  of  the  primnrj  nerve  tube,  it  may  be  well  here  U>  anticipate 
a  little,  and  etate  what  are  the  several  purts  of  the  Brain  winch 
gratliially  develop  from  them  or  their  derivativcg. 

The  Poittcrhr  Sic*-Utng  (or  Hind-brairtJ  beooniBB  divided  ioto  two 
re^ons,  of  which  the  hinJi'rmo&t  corrcfljiondfl  with  what  Bubse- 
qiieotly  dcvetopa  into  the  posterior  half  of  tlie  Mt-chtJhtt  and  hera 
in  the  sititntion  of  the  Fourth  Venlride  the  appcr  wall  of  the  tulje 
becoroea  thiooed  away  till  all  nervous  matter  disappears,  and  only 
a  mere  membrane  remainB  ('  pia  mater ')  to  roof  over  the  apace 
aboi'e  mentioa^id,  which  is  continuous  with  the  central  canal  of  the 
tube  behind  it.  The  anterior  region  of  this  FwelJing  corrcRpoiiJa 
with  tho  anterior  half  of  the  Medulla.  From  the  buck  or  sidea  of  it 
there  grows  a  dialinct  segrat'iit  of  the  faturt  brain,  viz.,  the  Ocre- 
helbtm  (fig.  c  b].  Much  later  on,  when  tlie  lateral  lobes  of 
the  CtTubellum  have  made  their  appearance,  thia  rcgioa  of  the 
Mi^duUtt  i*  crosaed  below  hy  the  Pons  VaroJii  {p). 

The  Middle  StveUi}i^  (or  Jdid-briiin)  affurds  the  matrix  from, 
the  tapper  part  of  which  develops  the  Otitic  L^hcs  or  OorporA 
Qnfxdrigninina  (figf,  1'22.  g).  Prom  the  lower  part  are  differentiated 
proloagatii-ina  from  the  fibrona  *tjilorans*  of  the  Cord  and  Medulla, 
known  aa  the  CcrehnAl  Pf.Junchs  (r).  The  eavity  within  thia  swell- 
ing ^adually  diminishes  till  in  Man  it  persists  only  aa  a  narrow 
paaaage  (A)  between  the  cavitieH  of  the  Hind  and  of  the  Fore-braia 
(the  Fourth  and  Third  Veutriclea)  {a  c).  This  paasnge  is  known 
as  the  'Sijlvian  aqueduct.' 

The  AiiUriJ-jf  SiGrUing  (or  Pore-brain)  nndergoca  rctnaftabl© 
modiWcntiona,  prindpally  on  account  of  certain  tixtraordinary  oat- 
growths  to  which  it  gives  rise;    From  the  sides  of  this  ewelling 
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are  developed  otber  portions  of  the  Cerehral  Tedundes  and 
the  Tholaun  wliLli  rest  ujion  aud  grow  as  ganglionic  tliiukeuiogv^ 
from  the  Utter  etructiirea.  Its  Jiminished  cavity  persiAts  as  the 
future  Third  Vtiutrich  (a),   Ita  roof  becomes  grailuolly  tLioned 


Fm.  123  — Dinjrnwnfi  illwatratin2  Uie  P^ogreAiTQ  Cixftogci  Ui&t  Uke  pInM  di 
the  Earlj  f«t.-i;{ra  <yi  the  naTelnj.ment  of  (he  Brftln.  (Mivurt.t 

1.  Eurly  ijodilitif^a  u!  Brain  whan  U  caiwUt*  of  three  bntlow  vcfffetee  {a  hf), 
cavJt^  of  nhLch  U  ot>iithiuoiu  with  the  wldft  ckvltjr        of  the  primitlra 
CDtd  (wiX 

S.  Hon  the  flmt  vfitlf^lo  or  Forc-limla  hnji  rtorclnped  th«  PiD&il  \i^'Af{ft^^ 
■nd  thti  Pituitary  B'^ly  [  p  i)  beloir,  Tlie  nMll  nt  the  outonar  «tjd  of  the  AnI 
is  tbfl  futtiro  '  hiuina  t«riiiinnlis '  (0. 

S.  Tbl*  dguro  nhowif  tha  Cerel^utD  (r  r)  budtltn^'  ivimx  tbft  flnt  Tcaiclo,  it«  Wt 
T«rt  (p)  being  proloti^cd  ju  thti  OHiurtpry  Lo1i«i  tb&  arity  gf  the  Ucn3t.nim 
incipient  'lBt«rtd  veiitrielo ')  communicating;  with  that  ftf  the  Olfjwtury  tolw 
front,  nnd  with  tihAt  of  the  ^ r«t  Ctitubml  VmIcIq  bohtnd  (IhU  Utter  cfcvlty 

tliD  Fulurc  '  third  vinitnclc'l.  Thti  latter  cocamiUiicatlQli  Likoi  place  thrwig^  tb* 
'funmiMi  of  llanpo.*  The  walU  of  (he  tbrpo  ^irioilttTa  tchIcIcv  u«  Hgrff^Tg  of 
UDcquAl  thluknuu,  uid  the  cavLtf  (^f)  uf  Lho  middle  Testdo  la  tncomiof  redocod  to 
roLmtive 

4,  Ttui  C<3rohnim  is  hero  enluieed,       tho  tneqiMllty  ta  thlckotrt  k4  tbo  wall  of 
thfl  prlmltlvii  TEslcIsa  iAincretucd.   Theffrcttt«rdoTolopmcDt  of  the  Or«b«Uum  (c 
tb<^  Tons  (p),  audi  tUo  Curpora  IjniidrlgetninA 4qX  lAow  thla  diKttnet];r- 

K  Till*  fl^rv  diows  U^c  CoTubnim  ctltl  tuiHia  dulnrKed,  and  r.Tnt*lr«liiK  a  tri-raolUt*^ 
carltjr  (f,  1,  2,  ^1.  rho  |iArt  deitliaed  %9  iturm  thg  Fumlx  (/),  ^Uk'li  ta  NNi  4  wvi 
■have,  hoa  now  couio  to  ]o>ok  illffbtl^  dowiiwarde,  wd  |ntilot>,;ittloua  fnxo  It  t^if^jlii  '.o 
wtfoud  fuward*  tho  '  rorfvm  »lWe*nii*'  («n  fl).    p,  (wiTOfpatidi  with  tlic  attiuiiiiju  al 


Clur.  XIX]  UUIUNC  TJTEUINE  LIFE. 


335 


av&5  till  n\^re  membrane  la  lefl— the  ^teluv^  inhrpotihtm ;*  at  the 
posterior  audi  upper  margin  of  this  ventricle  tte  Piufol  hodtj  {fl) 
appe&ra,  vflule  its  Hoor  is  prolonged  into  tlie  ij^/dnrf/ftwiwrn,  whiuh 
Bubi^^qnetitlj  comoe  into  cotineciioD  witU  Itie  PUuildtry  hvdy  t). 

But  at  a  very  ^arly  penodg  and  before  tlie  above  described  part* 
are  diatitigQiahnble.  an  outgrowth  (cr)  hads  on  etich  eide  from  the 
AuterSor  8welUn|^.  These  ontgrnwiha,  which  are  at  first  direcl<*d 
downwards  atid  forwards,  are  hollow,  und  each  commDnicateB  with 
the  Third  VeDtricle  through  m  upin'lnr(^  known  aii  the  *  foramen 
of  Mnnro.'  Subsequently  these  outgrnwtha  undergo  an  cnormotia 
de\-eloj)meT3t  and  cun«litulo  the  two  Cvrrhrctl  JJimui'ht^ret,  while 
their  contained  cavities  persist  &e  the  *  Lai^rral  Fcsii^/  ioitffl,*  aadtliQ 
Corpora  Stntttn  develop  within  tbcm.  Front  eacih  embrjo  Hemi- 
Bjihero  another  hollow  btad-lik©  outgrowth  develops  anteriorly,  and 
theme  (o)  coniititiite  the  Olfactory  Lohes  and  their  pedunclca. 

From  the  point  of  view  of  its  doTelopmental  history,  thercfoni* 
the  entire  brain  is  capable  of  division  into  three  principal  parta  i — ■ 
(1.)  The  Fore-'braiji,  consisting  of  the  Olfactory  Lobes,  the  Cere- 
hral  Hemispherns,  and  the  parts  stirrounding  the  Third  Yentncle; 
(2*)  the  Bitid-braln,  consihtiug  of  the  Corpora  Qnadrigemina,  and 
the  Crura  Cer'^hri;  (3,)  the  Hind-Bralni  consisting  of  tho  Cere- 
bellum, the  Potja  Varolii,  and  Iho  SU'dulla  oblongata.  Of  Ibeao 
principal  parts,  the  Fore  brain  admita  of  eubdiviaion  into  three  dii- 
Uoct  segmentB,  (a)  Olfactory,  [h)  Heraispherial,  and  (r)  Thalaniary  j 
and  the  Hind-bruin  into  two  Hcgments,  («)  Cerebellar,  [h]  Oblongate. 
Tbo  Mid'hrain  tieeds  uo  farther  subdivision.  This  tila&aiiication, 
g-iven  some  years  ago  by  Huxley,  hag  the  merit  of  eimplicity  wheu 
compared  with  other  rather  cumbrous  nomenclatures  now  iu 
vogue,* 

In  fig.  12*2  the  beginnings  of  theae  six  principal  brain  segmcnta 
nre  pretty  plainly  indicated  by  the  parts  to  which  the  following 
Ictlers  of  reference  are  attached:— o»  cr,  o,  6,  c»  m. 

Aflor  this  prcdiminary  statement^  a  more  detailed 
account  may  now  be  given  of  tho  changes  undergone  by 
tbe  primitive  nerve  tube  with  its  cephalic  swellings,  with 
the  Tiew  of  giving  the  reader  some  notions  as  to  the 
order  and  times  of  occurrence  of  the  several  changes. 

•  S^c  Gegenbaaer's  Elements  of  Compar.  Anat"  (EnglTmna,) 
p.  60'JL 


8S6        DEVELOrMF.NT  OF  TI3 K  HUMAN  BRAIK 

At  a  very  early  stage  of  tlcvelopTuent,  beliered  by  Tiedc- 
maoD  to  be  about  the  7th  week,  the  prituitive  Deiroas 


Pici,  Iti, — &ke^cs  at  the  eirl^fnoa  cl  tho  pnrta  tjf  (b<  Ccrcbn>-»piaxl  A 
tlic  irludian  Enibrjd.  (iih.i:^M:-7,  after  Tic^lotDnnD-) 

A,  nX  the  icnntfa  wnk,  Inton]  Ti^w;  1,  hjiLuoJ  cord  ;  %  medtilti  ofal««gHtli; 
B,  cenbellum ;  i.  iiic»cjtcv[)hnIon  ;  A,  i.  7,  renbram. 

B,  at  tb«  nlnlb  wwk,  iioctfiHor  riew,  J,  mu^ullA  Dblangata;  S,  otr^be&UBi; 
8,  tneecnccptub-'ij ;  4.  9,  UjaIuihI  ui>tlct  (utd  cor«t>ral  b^mUpbenOw 

C  I>,  lAtt^ro]  and  ]KMit<sFTiir  tIcwa  of  the  braiu  of  th9  btmwu  Cmtvyo  m  tt 
ftp|>e«n  tlio  tvalfih  wfeki>(  Intra-utflriua  life,  a,  OBTHbrmn;  9iHytMm  QuatfTi- 
^mlba  ;  c,  caruhun  u  lu  ;  ut,  tncdullA  uLiIoqijuLl:  ths  thalaml  Atu  ixcuw  cov«tvd  l}]r  t^M 
cnlarycil  hirmiiptiures, 

K,  i«Htcrioi-  Tiew  (hf  the  Bamo  hrain.  diiiseetM  uliaw  tlic  dcirper  Twrta,  me- 
dulln  uHojjfi^lu, ;  2,  cvrobfLltnn ;  3^  corp-irn  i|iivIHj;uinlna  ;  4,  thalaiEilr  »pii(H  ;  5^  tlM 
htiiiiiiiiAifiro  turntnl  Aiids;  6,  thii  corpui  BtrUtum  embedtled  In  tbtr  bejab|dieteX 

the  commonccniont  of  the  coi^nui  ciilh><iuni. 

F,  the  Inner  ald«  oi  the  tight  hAlf  of  this  sntne  brain  fleiHnhl«d  hy  a  mtlal 
nioclLnn  lectitm,  diawlng  tha  cenlrot  or  TcntrlctiUr  oBTity.  1,  Z,  th*  q4nil  osv^' 
und  tQ«duLta  oblongktft,  atitl  hollow ;  3,  bend  at  which  tb«  pctis  Vmnilil  fi  tomtt  I 
i,  ccrol.«]1i]TD  ;  Si,  lumlns  (superior  eereboUir  pBdunclw)  paa«hig  up  to  lh« 
qiiivdhiiPciDiiia :  0,  crura  nrebrl ;  7,  eorpon  qnndrlgviKiliui.  fltUl  boUc^ ;  ^  tUrd 
vetilriL-ld  :;  D,  LpfnudibniUim  ;  10,  tluJAiPUi,  i>aM  H^Ud  ;  It,  optic  Tiorve  ;  1^  tpatiUM 
]va.ri\ng  liiLo  tho  tqtfiFh]  TonUiclD  £  13,  conunanciiif;  coriruft  enJliMUiu. 


The  '  posterior  swellinp;  ^  becomes  bent  upon  itself  so 
tbiit  its  two  rejrions  (2.3)  are  nearly  at  a  right  angle; 
while  thence  onwarda  the  parts  form  a  curve  (1,  G),  which 
18  directed  furvYards  and  douiiwarda. 
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FiQ,  134.— vertical  WMlimi  nt 


Tliia  bent  tube  gradually  uodergoes  Tarious  modificja- 
ti'ons,  due  to  tho  progressive  thinning  away  of  its  walls 
iu  certain,  places,  and  to  local  tljickeniiiga  (uwing  ta  tho 
growth  and  doTelopmcnt  of  now  nerve  mutter)  iu  other 
parts.  These  latter  regions  of  increased  tbit^kneaa  corre- 
spond with  future  ganglionic  centres,  which  gradually,  in 
the  regions  already  indicated,  develop  into  the  Cerebellum^ 
Pons  Varolii,  Corpora  Qnadri- 
gemioa,  Crura  Cerebri,  Thaluruij 
and  Cerebral  Hemispbcns  i^'ith 
their  enclosed  Corpora  Striata  and 

*  varioua  commiasures/ 

From  the  7-9th  weeks,  the 

*  middle  swelling  '  or  veaicle  (Jle- 
Bencepbalon),  representing  llic  fu- 

,  ^  ■         ■         •     *i      ^1^0  Brain  of  i*  Iltiniftn  Kuilsnro 

ture  Corpora  Quadngemina,  is  the  ^  p^urt™  K.«sxnfi*d 
most  prominent  seKinent  uf  tho  thr « dinmutci*.  (SJoutms-,  pftn- 

brsijn.  Tho  Cerebellum  even  at  ajiiiero ;  c  corpm  o»iiu«ijji  be. 
tbe  latteT  Jate  is  r.^re^ni^i  only  ^.o"^^;'™';:: 
by  n  thin  lamella  fitvetchinf^  across  thxtfi  vemMc^ts  mid  tbo  'piumt 
the  back  of  the  upper  part  ot  the  ^^ird  Toi.tndo;  i,  olfactory 
Medulla,  while  the  future  Cerebral  ffl.c<>Tj»mqufl(irijfctnii«i- 

.  ,  11^^'  crura  ccrcllri,    nlid  abow 

Hemispheres  exist  as  mere  oblong  them  tiw  ■nquadufltof  sjiviuB' 
amrull^B  (%.  1'22,  3)  projertmg  ;:r;r,L'';:"L""r.;«:1 
downward  and  forwards  from  thejjt.  poim  vwyui;  tn,  lae-iiain 
original  '  anterior  swelling/  From 

the  under  part  of  this  eanje  swelling  (Thalamencephalon), 
projects  tho  '  infandibulura,'  wbicb  cither  at  this  time 
or  a  little  later  becomes  connected  'with  the  Pituitary 
Body — a  structum  whose  real  nature  and  origin  are  still 
inrolvcd  in  much  obscurity.  From  about  the  eighth 
week  al^o  tbe  Tlialamencephalun  is  so  thinned  away  above 
{fig.  r2'2,  r)  that  the  'third  ventriclo*  becomes  covered 
only  by  membrane — tho  'velum  iuterpositum.'    At  tho 
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njiper  aud  posterior  mar^u  of  this  ventrit^lo  the  *  Pineal 
boJy'  sooD  appears,  and  i\\bo  its  'pcdondes  '  which  extend 
forwards  on  each  side. 

By  the  I2th  week  of  intrautem 
life,  the  configuratiou  of  ihe  Brain  hag 
tiiidergone  a  very  marked  change ;  first 
liy  reason  of  the  increased  size  of  the 
Cerebellum,  (fi^,  123,  C,  c)  which  is  now 
lliiolicr  and  marked  by  a  median  langi- 
tiidinal  furrow,  though  otbonvise  smooth 
un  itH  surface;  and,  secondly,  by  the  still 
njorc  striking  development  of  the  Cere- 
bral Hemispheres  (C,  w),  which  bava 
already  gro^\  n  so  much  backwards  as  com- 
pletely to  overlap  tho  'third  ventricle' 
(fif^f.  123,  F,  y).  On  the  under  surface  of 
each  Hemisphere  an  Olfactory  Lobe  m 
now  \ory  distinct,  a^  a  hollow  bud-liko 
outn;rowth,  the  cavity  of  which  ia  con- 
tinuous with  that  of  the  Hemisphere 
from  wliicb  it  projects. 

The  '  lateral  ventricles '  themselves 

Fm.  125.— Bruin  nwi 

Spr>iriironiL.frtF(c>iusu(  arc,  moreovtir,  continuous  with  the  cavity 
ro^>r  Mflnthi.      tn.m  Tbakmcncephalon,  or  '  Ihii'd  von- 

Foiiikef.)    A.  Ht-mi-  triclc/  by  nn  openiDg  on  each  eide  of 

extremity,  knomi  by  the 
mirai;  f,  oerpbeijmn  i  name  of  the  '  foramen  of  Munro.*  Near 
tbti  ffiirti*  vcotriBie  this  opening  a  transverse  band  begins  to 
inc  cTvcriiipiicd  by  the  j^ppeat  (abovB  and  in  front),  which 
viodiitid  lumbar  Bwcii.  counccts  t]]8  two  hcmisphcTCS  and  is 

im-of  tho.piu.lc«r.L^j^^^^^^^    to    COrPGRpOlld    With    the  COID- 

moncemciit  of  the  great  trnnsrerso  commissure,  the  Corpus 
CuUosum,  and  perhaps  also  with  the  Anterior  Commis- 
sure.   The  "Walls  of  the  Cerebral  HemiRpheres  aro  Very 
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in  flnJ  bag-like  at  this  stngt*,  so  that  each  <>!idoso3  a 
\'ery  large  'lateral  ventricle,'  within  whii^h  a  rucliiuentary 
Corpus  Stnatum  is  to  be  seen,  in  the  form  of  a  tUick- 
euiiig  of  its  under  and  outer  wall.  Thus  it  13  that  these 
hfnlies  cdkic  to  oceup}'  theh"  well-known  position  anterior 
tci  and  a  little  outside  the  Thitlami. 

During  this  same  ponod  the  'initldle  swellnig'  or 
Mesoncqjlialon  has  not  fi^rown  at  all  proportionately,  bo 
that  it  now  has  a  much  fimaller  relatiye  size  (fig.  124,  c^). 
It  is,  however,  marked 
by  the  appearance  of  a 
Bli;^ht  longitudinal  fur- 
row,  and  its  hinder  bor- 
der touches  ihe  Cere- 
bellum (f').  Its  upper 
wiills  are  comparatively 
thin,  formitig  the  roof  of 
proportionately  lari^e 
cavitv,  situated  between    F'f-  isi-.-Bmin  i»fnuinim  rmtuH.  oi  rourth 

.  ,        ,  J,         I  Month,  iiiiitniiiif'l  ii^miit  two  (liiimetcm,  (Owen.) 

the  tOird  and  lOUrtll  VCn-  ^i^cvicw.  wHH  ^-iirulPnimfl')  tmcduiwftrUa  suid 

trideS,  thoUtrU  the  cavitv  f'™"^^*^  ^'  1U"  L-urpora  quu^lriu-. 

*^  onim  i>'r).  OA'l  tLo  ltlI<tV>cii  (.'i:TL'l>cUti[iD  c)^ 

snbsequ  e  ntl}' dim  i  n  i  ah  e  s 

Bo  as  to  form  a  mere  paRsaf^e  hetv.'een  these  ventricles. 
The  relatively  large  Medulla  still  preserves  its  primitivG 
nd.    Its  npper  half  ia  bridtjed  over  by  the  Cerebellum, 
while  at  the  back  of  its  lower  half  ia  the  widely  open 
fourth  ventricle,*  the  louver  part  of  which  is  continuous 
with  the  central  canal  of  the  rcmaininf^  portion  of  the 
primitive  tube  now  developing  into  the  Spinal  Cord. 

By  the  end  of  the  4th  mootb  the  principal  addi- 
tional changes  which  have  been  noted  are  these.  The 
Cerebral  Hemispheres  become  still  larger  and  tend  more 
and  more  to  eclipse  other  parts.  They  already  stretch 
back  over  the  future  Corpora  Qaadrigoraiiia  (\]^*  1*26). 
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A  rudimeutai  j  *  fissure  of  Sylvius  *  is  to  be  seen  on  tLe 

outer  surface  of  eacli,  (ind  from  this  wide  and  deep  sulcaa 
a  number  of  shallow  fissurea  have  been  described  hy 
GratioLeb  and  others  (corresponding  with  internal  promi- 
nences on  the  walla  of  the  hitenil  v&ntticles).  These 
appearances  are  believed  hy  some  to  l>e  artiticial ;  but 
whether  artiiicial  or  natural^  all  are  aj:(i-eed  that  they  dis- 
appear after  a  tiine^  aa  the  walls  of  the  '  lateral  ventricles* 
become  thicker,  Tlien  it  is  that  the  permanent  'lissures' 
and  *  convolutions*  begin  to  be  developed  on  the  exterDul 
surface  af  the  Cerebral  Hemispheres. 

At  this  period,  too,  tbc  Corpora  StnaLa  are  distinctly 


Fio.  137,— H™in  oi  TurtlB  [Chttav*),  ^aidfr  Tiew.  tot  ooropcifiHOii  wJlh  lost 
(Owcm.)  C,  CcteboUum ;  O,  optic  lobM ;  P,  (?«»bniai :  If,  ttlftutAr?  VbeM. 

larger,  and  not  far  from  tbeir  anterior  extremities  a  short 
and  nearly  vertical  Corpus  Callo&um  is  recognizable  (not 
very  dilfereiit  from  that  which  exists  in  Marsupials). 
The  Anterior  CommiHsure  is  slender  but  distinct.  The 
Middle  or  Soft  Commissure  exists  in  the  form  of  a 
largo  rounded  projection  from  the  inner  face  of  each 
Thalamus,  thongh  tho  two  prominences  have  not  yet  com^ 
into  contact  with  one  another,  so  as  to  form  an  actaal 
Commissore, 

The  cavity  within  tho  Optic  Lobea  is  even  larffer  than 
it  was  at  an  earlier  date.  The  lateral  lobes  of  the  Cere- 
belhini  have  developed  notably,  whilst  they  are  Bepuratcd 
irtma  one  another  (tig.  12G,  c)  by  a  median  depression — 
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indicative  of  the  nluioab  complete  absence  at  tlii^  period  of 
the  Median  Lobe. 

On  examining  the  base  of  the  braiu,  the  MeJulla  is 
fonnd  to  be  large.  The  *  anterior  pyramids/  and  the  rudi- 
meiitfl  of  the  'olivary  bodies'  outside  them,  are  quite 
distinctly  recognizable.  A  thin  hand,  marked  by  a  Giediaii 
furroWj  is  to  he  seen  fitretchiufr  across  between  the  Intcral 
lobes  of  the  Cerebelinm.  This  is  the  hrst  trace  of  the 
'  pons  Varolii.'  In  front  of  it  arc  the  Cereliral  Pediinclea  ; 
between  these  latter  are  the  '  corpus  albicans*  and  the 
'tuber  cijieroum/  and  in 
front  of  this  last  Hob 
the  '  commissnre  '  of  tli^^ 
Optic  Nerves.  All  tlif 
other  cerebral  net'ves  are 
distiiicUy  reco<^uii£alile, 
though  they  are  ex- 
tremely slender  at  this 
period. 

After  this  epoch  the         "s  -Tiic  Outer  Sur^i^q  nt  th^i 

aevelopment  of  the  nrain  "naimiti  tim  tacxt  figurotflro  mtmitiwi  u>b1ww 
goes   on     nccordin*^^  to  ibo  formatitu  ot  tho 

,         '      ,  primiixd  (Iflfiire^.    F.  Fnmtixllobo .  P,  parifUl  ; 

Gratiolet,  most  SUr-      *;«tiiHt:i) ;  T»  tompoml    att  a,  *IlKlit  aiipcs^r- 

priMng  rapiility.  Wy  the         ^^.^ .       ^^^^^^^  . 

vend  of  th9  Bth  month  twtt^imofU,  C,  ttieoonfcndlobooriHlMbdttf  HoU; 

tne  growth  of  tlie  Cere-  djcuUF  fiH^ur*. 
bral    H  e  ni  isph  eres  has 

been  so  jtreat  that  they  completely  cover  not  only  tho 
Corpora  Quadri;^cmiiia  hut  also  the  now  larger  Cerebellum. 
The  *  fissure  of  Sylvius '  is  wide  and  open  (fi^,  128),  so  as 
to  leave  uncovered  the  eentrEil  lobe  or  '  isSatid  of  IteilJ 
The  beginning  of  the  '  fisstire  of  Rolando '  is,  at  this  period, 
sometimes  recognizable, while  the  rudiments  of  convolutions 
are  to  be  traced  upon  the  frontal  lobes  and  other  parts.  The 
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walls  of  the  Hemispheres  and  also  of  the  Optic  Lo 
Lave  acquired  a  much  greater  thickuess  and  the  princi 
'commissures^  have  in  greiifc  part  nssamed  their  tvpi 
condition.  TLia  is  the  case  more  especially  with  the 
Corpus  Callosum  and  the  Fornix,  hetvveen  which  the 
'fifth  ventricle'  has  begun  to  appear.  The  two  halves 
of  the  Middle  Commissure  have  also  grown  together. 

During  the  sftmo  period  the 
C«rehelluui  has  undergone 
important  changes.  From  the 
end  of  the  fourth  month  the 
davelopment  of  ita  *  late 
lobcB  *  takes  place  at  a  slow 
rate,  and  the  previously  absent 
'  median  lobe '  not  only  begins 
to  appear  bat  also  becomes 
marked  on  the-  surface  by 
three  or  four  transverse  fol 
The  *  lateral  lobes '  are  s 
perfectly  smooth— though  by 

^^:;;T.^l^:'7.:lJ;.^^^  «»d  or  the  «xtb  n^onth 
■Iter  R.  w#|fin.T  )  Luttun  of  ivtf^irebcc  they  atso  httvc  acouired  nu- 
Hln  lost  oauvc,  ,  ^ 

merons  transverse  nssures. 

The  pons  Varolii,  as  already  intimated,  undergoes  a 
development  correlative  with  that  of  the  lateral  lobes  of 
the  Cerebellum. 

In  the  remaining  important  section  of  intrauteiine  life, 
from  the  6th  to  the  end  of  the  Qth  month,  the  develop- 
mental changes  in  the  Cerebrum  are  much  more  marki 
than  they  are  in  the  Ct^relxdlum.  The  walls  of  the  Cerebi 
Hemigpheres  become  thicker,  and  there  is  a  proportionate 
diminution  iu  the  capacity  of  the  *  lateral  ventricles,*  th« 
three  *  horns '  of  which  now  become  quite  distinct*  The 
CotpuB  Callosum  aesiuues  a  more  horizontal  direction. 
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whilst  it  increases  both  in  thickness  ami  in  length-  It 
readies  baok  aa  far  as  the  Optic  Lobes,  >vlueh  are  now 
marked  by  a  tranaYerse  furrow,  and  tbua  appear  as  true 
*  Corpora  Quadrigeraina.'  The  Occipital  Lobes  of  the 
braiu  become  iiioro  dovdoped.  The  generat  ouLhtie  of  the 
Hemisphoroa 
seen  from  above 
is  that  of  an 
elongated  ovah 
During  the 
sixth  mouth  a 
suiprising  devel- 
opment of  the 
Fissures  and 
Convolutions 
takes  place,  ho 
that  early  in  the  ^ 

Fir..  i:iO.  -  iriow  of  Llifl  iiiiiQT  niirf;u!c  t»f  tljc  Riylit  Half  of 

seventh   month  lUc  rcEtni  nrain  of  .ibt>ut     xontt)*,  c-itinriifly,  niter  nei- 

nll  Ibp  nriiir-iiinl  >    ^'  ^ronUii  lube;       puriutal ;  O,  occipital :  T,  tutn- 

o.ii  jJMUi.iiJfu  j^^j.  1^  ,,]fiJ5tory  bulb  ill,  right  optiu  iiorvoi/jj,  tsalUiau- 

(if  thorn  are  dia-  flMurQ;  p.  pcrpondkulm:  fiffliirc;  p  ,  intmiiil  per- 

-,    ,  .|      i^iHllculdf- ftrniire;  A,  cuiisirlfio  atsjure;  f  jTj,  ^J'TUK  furiiiH^ttui ; 

tin  CllV  traceable.  coiiKin  wdltwum;  »,  neptmu  IncCdiim;  /,  i^Imsk!  botwcoii 
Those     which  ff^ra*""'  Modkp;  1',  In  tb* 

Mpime  part  of  lliu  Llilrd  ^rcuirii^Ie,  immcdtat^ily  beluw  tlic 
manifest  the  m-  vcliiin  inttfTpoHlt urn  lui-i  forinix  v'.  In  Ihe  IjocIc  part  oi  Uio 
aolv^q  firRt  nn  tblrJ veutricln beluwthe  [liivgaj gflmd.wnt before thoeiitrarjco 
sei^tJS     nrht    on  'juiucdnet  ol  S>lvfu«;'  v-,  in  Ihe  lowor  partof  tLo 


the  external  SUr^  third  VDntrlclonboTuthD  Infutidibulum  ;  i-,  prD(;i*«(HiJK  iiloeanB 

face  are  the  '  hs-  c*,  ccrobcii«.n. 
aure  of  Sylvius* 

and  the  *  fissure  of  Rolando,'  The  latter  is  scarcely  distinct 
till  the  end  of  the  sixth  month,  but  rather  before  this 
period,  according  to  Ecker,  two  other  Fissures  appear  on 
the  inner  aspect  of  the  Hemiflpheres,  viz.,  the  *  internal 
perpendicular*  (fig,  13D,  P')  marking  the  anterior  boundary 
of  the  Oceipital  Lobe  and  the  '  calcariue  fisauro  *  which  it 
meets  below.    The  latter  is  generally  regarded  as  a  pos- 
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teiior  extension  of  the  '  fissiore  of  tho  HippoeaiDpue/  wMch 
appears  about  the  same  time,  and  is  a  inarkiug  constaDtly 
present,  even  in  lower  Yertebratea,  on  the  inner  Bide  of 
the  brain.  Gratiolet  indeed  behuves  that  this  latter  fissure 
is  the  tlrst  to  appear  on  the  inner  Bide  of  the  hemisphere, 
llather  later  tho  '  parallel  fissure  '  of  the  Tenaporal  Lobe 
becomes  distitigui&hable,  and,  ae  above  stated,  hy  the 
begiuning  of  the  scveuth  month,  the  other  principal  fia- 
Bures  of  the  bralti  hiive  made  their  appearauce. 

Probably  Ecker  is  correct  in  hia  \iew  that  the  precl 
time  at  ivhith  the  principal '  fissures*  appear,  as  well  m  their 
exact  order  of  appearance,  is  suhject  to  some  variation  in 
dilTcreut  iudtviduak.    Both  he  and  Huxley  consider  there 
is  nu  evidence  to  show  that  tho  fissures  of  the  brain  of  a 
Chimpanzee  or  of  an  Oran<j  do  not  appear  in  eBsentially 
the  same  order  aa  those  of  the  Human  lufantj  notmtb 
standing  tho  opinion  expressed  hy  Gratiolet  to  the  effi 
that  there  are  certain  slight  differences. 

At  the  time  of  birth  the  developnient  of  the  convolutions 
in  so  complete  in  the  Hnuiau  lufant  that  they  differ  from 
those  of  the  adult,  only  by  presenting  a  little  less  of  com- 
plication in  regard  to  minor  details. 

During  the  attainment  of  this  degree  of  eonrolutional 
cjomplexity,  however,  somo  important  changes  have  been  1 
taking  place  in  the  relative  development  of  the  different 
'  Lobes '  of  tho  brain.    At  the  seventh  month  the  Parietal 
Lol>e  is  notably  Bmall,^  and  apparently  as  a  conneqticncai^^ 
of  thiB  the  '  fisBuro  of  Bolaodo '  is  bent  nearly  at  TigblQ| 
angles,  just  as  it  is  in  the  hraina  of  the  adult  Orang  and 
to  a  less  extent  in  that  of  the  Cliimpani^ee,    At  this  same  i 
periud  the  Frontal  Lobe  is  large,  and  60  also  is  tba 
Temporal  Lobe^  though  its  convolutions  are  still  very 
imperfectly  marked  out.    The  length  of  the  Tempoi 

•  8ce  Gratiulut'fl  "  Anat.  Comp  d«  Bywi,  Nerv.,'*  PL  iijti,  fig. 
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Lobe  ami  the  extent  of  the  posterior  prolougation  of  the 
'  fiasure  of  Ivius  *  are  also  notable  features  of  the  foital 
brtiin.  "We  have  ah-ctitly  had  to  refer  to  these  chamo- 
tcristics  in  ihe  brains  of  many  of  tlie  Quadrumaiin,  and 
wo  ^hall  have  occasion  again  to  apouk  of  the  aanie  pecu- 
liarities as  existing  among  fully  developed  Human  Brains 
of  a  low  type. 

At  the  period  of  birth,  with  the  fuller  dovelopment  of 
the  Parietal  Lobe,  the  fissure  of  Rolando  is  much  lesa 
hont.  The  outline  of  the  IJrain  seen  fmm  ahov©  is  atill 
that  of  an  cloii^^ited  oval,  thou^rh  it  ia  one  which  is  di3- 
tinctly  fuller  in  the  froutal  as  ^vell  as  in  the  parietal  region 
than  that  of  the  seveutli  month  fcctua  repreaented  by 
Gratiolet — the  outline  of  which  agrees  almost  exactly  with 
the  outline  of  the  brain  of  the  ndult  Bu»hvvoman  given  hy 
MarfihuU  (fig,  135), 

According  to  Van  der  Kolk  and  Vrolik  it  appears 
that  in  their  relative  proportions  the  lobes  of  the  Brain  in 
a  new-born  Child,  hold  just  the  mean  between  those  of  a 
Chimpanzee  and  of  an  adult  Man,  In  the  adult  Orang, 
however,  the  same  proportion  obtains  between  its  dilferent 
lobes  and  those  of  the  new-born  Child — bo  that  in  this 
respect,  as  in  several  others,  the  brain  of  the  Orang  sccma 
rather  more  highly  evolved  than  that  of  the  Chimpanzee, 

The  Cerebellum  in  the  new-born  Child  is  comparatively 
smaU,  Its  proportionate  wei;^ht  compared  with  that  of 
the  Cerebrum  at  the  same  period,  is  lower  than  in  either 
of  the  great  anthropoid  Ajies.  This,  however,  is  due  not 
to  any  diminution  in  the  development  of  the  terebellum, 
but  rather  to  the  fact  that  in  Man  the  amount  of  increase 
in  the  size  of  the  CGi-ehrura  is  much  more  considerable 
than  in  that  of  iho.  Cerobtlluai,  and  because  this  greater 
increase  is  already,  at  the  time  of  birth,  more  manifest  in 
the  -Cerohrum  than  in  the  Cerebellum.    This  fact  waa 
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also  establieked  by  the  aboTe-taeotioned  Dutch  Ana- 
iomistsj  siacQ  they  (onnd  tbat  the  weight  of  tho  Cere- 
brum in  the  uew-bom  infant  was  to  its  weight  in  the 
adult  as  9C  :  157  ;  while  the  wei^^it  of  the  Cerebellana  in 
the  Dew-boru  infant  was  to  its  weight  in  the  adutt  oulj 
as  ti2 : 50. 

The  actual  ratio  of  the  weight  of  the  Cerebellum  to 
that  of  the  Cerebrum  in  the  new-bom  infant  was  found 
by  Chausaler  to  vary  from  1 : 18  to  1 :  2G ;  and  by  Cruvel* 
hler  it  was  ascertuiued  to  be  1 :20«  Ou  the  other  hauJ^ 
according  to  Sharpey,  the  ratio  of  the  weight  of  the  Cere- 
b(3llum  to  that  of  the  Cerehram  in  the  adult  male  is  1 :  8^, 
and  in  the  adult  female,  1 :  8|. 

From  these  figures  it  may  be  seen  how  very  considerably 
the  development  of  the  Cerebellum  lags  behind  that  of  tho 
Cerebrum  in  tho  Human  Infant  at  the  time  of  birth. 

In  regard  to  the  microscopical  characters  of  the  f^Bisl 
brain  one  brief  but  important  statement  deserves  to  be 
recorded. 

According  to  Lockhart  Clarke*; — "In  the  early  foetafl 
brain  of  Mammalia  and  Man  the  Btrncture  [of  the  cere9 
bral  convolutions]  consists  of  one  uninterrupted  nacleatcd^ 
network.    Aa  development  advances  separate  layers  may 
be  distinguished,"    But  even  in  these  layers  there  are 
only  to  he  recognized  ''roundish  nuclei  connecti^d  by  a 
network  of  fibres,"  or,  in  other  parts,  groups  of  loore 
elongated  niielei,  in  place  of  tho  distinct  but  differentlj^ 
shaped  NervG  Cells  with  iutor-connccttng  processes,  which' 
in  a  later  chapter^  will  be  described  as  the  prerailiug  and 
chai-acteristic  constituents  of  the  Cerebral  Convolutions  io 
tlioir  developed  condition, 

•  "Not^a  of  Roeiearchca  the  ItillmttUi  Strticliins  of  tbt 
Drain,**  Proecfd  cf  Jtotjnl  S^tMif,  ieo?J,  p.  Til* 
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The  mzG  and  weight  of  tlio  Humau  Braiu  are  capable*  of 
biding  estimated  iii  two  ways,  the  one  of  which  may  be 
termed  *  direct,*  and  the  othor  '  iudirect.' 

We  may,  of  course,  measure  and  weigh  the  organ  when 
it  18  accessible,  and  an  enormous  amount  of  labour  has 
be^B  expended  in  this  direction — especially  by  BritiBb 
obserrers — upon  iodividuals  of  different  ages,  Bexea,  and 
conditions. 

But  when  of  the*  representatives  of  ancient  peopleSj  of 
fore]*^n  nations,  or  of  savage  tribeia,  all  that  the  anatomist 
possesses  are  niero  braiu-casos  or  Bkalla^  he  must^  if  he 
would  acquire  definite  notions  as  to  the  size  aud  weight 
of  the  organs  M-hich  they  previously  contained^  adopt  some 
uniform  and  carefully  worked-out  method  for  ascertain- 
ing their  esact  cubical  capacity.  From  the  figarea  for 
'cranial  capacity'  thus  ascertained,  the  probable  corre- 
epondiag  Brain- weight  will,  when  certain  other  data  are 
known,  be  deducible  with  a  fair  amount  of  exactness. 

This  latter  *  indirect"  method  of  procedure  13  warrant- 
able and  capable  of  giving  trustworthy  results,  because  in 
health  the  human  brain  invariably  fills  the  skull  to  which 
it  belongs,  except  for  the  intervention  of  some  thin  mem- 
branous envelopes  with  vessels  and  btood-spaces — for  which 
de6iute  allowances  may  ultimately  be  made.    Much  workj 
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howcyer,  still  remains  to  be  done  bofore  tlie  amount  of  ihesB 
allowances  or  their  range  of  variiilion  for  persons  of  different 
a^es,  sexes,  and  races  can  be  accurately  dot^rmined  :  an 
tlie  same  maj  bo  said  in  reference  to  differences  in  the  six 
of  the  '  lateral  Tentricles/  since  either  excess  or  defect  of 
the  nsnal  space  thus  appropriated  may  also  occasionally 
intervene  as  a  disturbiu<;  condition,  tending  to  vitiate  an 
'  indirect '  estimation  of  Brain-weight*  Thougk  it  is 
true,  therefore,  that  certain  relations  ought  always  to 
obtain  betweeu  'cranial  capacities'  and  Brain-weights, 

these  cannot  be  said  to 
have  been  yet  dete 
mined  except  in  a  me 
prelimiuary  and  tenta 
tive  manner,  Acco 
to  the  genercd  rule  lai 
down  by  Dr>  Barnard 
Davis  A  dednctioD  of 
abont  15  per  c^nt-  from 
the  capacity  of  the  Cra- 

FlO  1st.— Onodido  or  tho  Skull  r«3mnTetI,  rIjuw*  uiuni  rriyos  tho  'CUpaClty^ 
im;  the  Dura  MhUt  nitb  \\»  yvnntcla  cnvtflopln^    e  tl       t>     *  1  ^ 

the  Urain    (Aftar  llln^btM  M,d  LiVveill^.)  n,        the  ISraiH,  and  frOi 
O ►mmenpijmCTit  Qi  thotfTMt  kmgttijiliUiU  V<;[toua  ^^[g         weight  innT  hc 
Slnui*.  %wl]Lh  I*  co&tlniicfl  bfltjkw^rd  towards  6.  it_*ii'  * 

cw  to  tbiii  iJi  Aituatoij  tbo  nitKiiii^pubit  ot  deauccd  by  calcnlation.  / 
*«r*iv.m,u*Mm^B«.  l^^^  'indirect 

and  the  'direct'  methods  are  of  great  utility,  and  either 
may  bo  had  reeonrse  to  by  the  experienced  investt^ 
according  as  Skulls  or  BraEns  present  themselves  f 
examination*  Each  method  offers  certain  advantages^  but 
on  the  whole  it  may  be  said  that  if  Brains  were  always 
arrcsHible,  wc  Rhonhl  probably  hear  lei^a  on  tbo  subject  of 
*cninial  ca]mcities/    The  'indirect*  mflbod  soems  well 

Vrjtrlif      tU(»  Brain  in  the  Diffetieut  Racca  of 
,  .     .X,  1808,  pp.  50^1  nnd  5lit>. 
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calculated  to  aflbrd  race-averft{^es,  or  f rpvailing-weiffhtfl, 
where  Li  sufficient  aumler  of  skulls  are  carefullv  measured 
hy  ft  method  likely  to  fjive  uniform  and  correct  reaultfi. 

It  must  uever  be  forgotten,  liowevtT,  tliat  the  size  of 
the  Skull,  and  with  it  the  weight  of  the  Brain,  varies 
within  certain  liraits  according  to  the  filature  of  the 
individual,  in  snch  a  way  that  increments  of  iiicroasitig 
stature  are  acconipauied  by  iijcromcnts  of  increased  Braiu^ 
weight,  thouf;li  the  extent  of  the  latter  ineremonts  f^oea 
on  dimiuishinf?  aa  the  stature  increases.  This  fitatemeufc 
restaoii  the  authoritv  of  Marbhall,*  who  hwa  also  calculati'd 
from  the  colossal  tablus 
(togcihur  with  private 
notee)  supplied  by  Boyd, 
that  for  Ku^liah  people, 
with  a  mean  range  in 
stature  of  7  inebea  for 
uiatcfl,  the  corrospoiid- 
ing  rariaUnn  in  Jirain- 
wei^'ht  is  *2-75  oz*.  and 
that  for  females »  with  a 
uif*an  range  iu  stature 
of  ti  inches,  the  varia- 
tion is  only  l*'2i>0Z.  In     F""*-  13t.— niinum  Cerebnim  Mid  Ccrftcnuin, 

comparuig   the   brain-         (Afi«r  Hi^ydiMa  mui  UwUj*.) 
Weights  of  individuals 

of  different  stature,  therefore,  witli  the  view  of  tracing  the 
iiifluonco  of  other  conditions  over  the  weif^bt  of  the  or^;;ati, 
it  must  always  be  borne  iu  mind  that  difference  in  stature 
itntdf  is  a  potent  oniKe  of  difftTcuce  in  braiu-wei/^dit  which 
oufiht  to  l>0  allowed  for  in  the  first  instance. 

It  may  ho  wtll  to  Ktate  here,  iu  general  terms,  that 
rather  less  than  yth  of  a  total  Brain-weight  will,  for 

•  "  l'1-.K'eed.  o(  Ilf>y.  Soc„"  1875,  vol.  txul  p.  5Ci. 
1» 
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males,  be  the  proportion  of  such  total  correspondiog  with 
the  weight  of  the  Cerebellum.  For  femalea,  boweyer,  the 
relative  weigLt  of  the  Cerebellum  is  ralLor  greater  (1:8^), 
on  account  of  the  existence  in  tbem  of  a  greater  propor* 
tiaiiate  diminution  in  the  size  of  the  Cerehram, 

Cramal  Capacities. 

The  average  '  cranial  capacity  *  for  any  race  can  on]y 
be  aBceii.aiiied  by  the  e^jamiuation  of  a  large  series  of 
corresponding  fikulls,  assorted  according  to  Sex.  The 
importance  of  the  latter  point  is  great,  because,  as  Flower 
points  out,  difference  iu  Scs,  in  ita  influence  over  capacity 
of  ekull,  18  often  decidedly  greater  than  difference  of 
Eace* 

The  mothodB  of  estijnuting   the   *  cranial  capacity 
have  varied  so  much  at  different  times,  and  as  adoptc 
by  different  ijivestigatora,  as   to  make  it  often  hot 
difficult  and  unsafe  to  compare  their  results  ^'ith  one 
another. 

It  ia  moat  important  that  an  ijiternatlonal  meth 
should  be  agreed  upon,  and  onircrsally  adopted  by  workers 
in  different  countries.  We  may  then,  after  a  timej  get 
results  stnctly  comparable  with  one  another,* 

Vogt  f  givc3  a  table  of  cranial  capacities  by  different 
observers,  the  most  interesting  items  of  which  have  been 
derived  from  the  researches  of  Broca  npon  large  numbers 
of  skulls  obtained  from  certain  Parisian  churchyards,  the 
remains  of  which  for  different  reasons  had  to  be  distor 
He  say  9  ; — - 

*  Soe  Fl&wiT  in  "  Drit.  Med,  Journ./'  April  12,  1879,  p.  MO 
nUo  A  paper  by  the  aame  author  on  "  Met  hod  J  and  Eesnlta  of 
Measmemcnt  of  Cnpswlty  of  Cronia,'*  in  lirp.  of  Brit,  A*sOc.  fur 
1878 

f  **  LcciufL's  un  Man  "  lAulbrr>p,  Soc.),  p.  88. 
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'  "  Bmm  avuiled  liimstlf  of  the  rare  opportunity  of  eiamStiing' 

a  nuuibiT  of  skulls  which  were  found  ia  Paris*  oa  laying  the 
ftiuudation  of  the  new  Trlhutial  Comm&rte,  in  a  Tault,  ut  a 
depth  of  tliree  metree,  at  a  spot  which  was  aJresdy  covered  with 
hoQues  at  Ibe  time  of  Philip  AuguatiiB.  The  crania  must,  tWre^ 
fore,  at  the  latest,  tjaUs  rrom  the  twelfth  century^  many  of  them 
I*oa9iHy  from  the  Cnrlovingian  period.  They  oertainlj  helooged 
to  individaalQ  of  the  higher  ranksp  as  they  were  fonnd  in  closed 
vaults/' 

j  The  average  capacity  of  115  of  these  twelfth -coutury 
skulls  was  found  to  be  1425*98  cubic  centimetres. 

Another  series  of  skulis  was  obtained  from  the  Cimo- 
tifere  de  TOuestf  wliitih  was  used  as  a  cemetery  from 
1788  to  1824.  Of  these,  which  may  be  called  skulk 
of  the  nineteenth  century,  as  many  ns  125  were  ex- 
amined, and  they  yielded  aD  average  capacity  of  1401*53 
centimetres^ 

I  It  is  not  without  interest,  therefore;  to  End  that  in  tbo 
Goar3Q  of  seyen  centuries  of  progressiTe  civilisation  tbo 

I  aVE^rage  Parisian  skull  ecema  to  have  distinctly  increased 
in  capacity. 

It  18,  moreover,  a  remarkable  fact,  aa  Togt  points  out, 
**  that  the  difference  between  the  sexes  as  regards  tbe 
crauiiil  capacity  Lucrease^  with  the  development  of  the 
race,  bo  that  tbe  male  Eui^opean  excels  much  more  tbe 
female  than  the  Negro  the  Negress.'* 

L©  Bon  also  has  quite  recently  stated*  that  the  differ- 
ence existing  between  the  average  capacity  of  t!ie  ekulla 
of  male  and  female  modem  Parisians  is  ulmost  double 
that  which  ohtaina  between  tbe  skulls  of  male  and  female 
inhnbitants  of  ancient  Eg}'pt. 

This  again  is  to  be  regarded  as  interesting  evidence  of 

*  '*  Compt.  R«n<ip"  Joly  8, 1878,  p.  80.  Since  this  chapter  hna 
been  in  the  hand^  of  the  printer  a  louder  paper  has  appeared,  by 
Lo  Boa»  in  the  JZoi'ite  d\inihTOfol0f}U^  January,  1879- 
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the  effects  of  civilistatiou  la  leading  to  an  increased 
development  of  the  Btmn,  for^  as  Vogt  remarks, — 

^'The  lower  the  state  of  cnlture,  the  more  similar  are  tie  ocdu* 
paliona  of  the  two  sex^^^  Among  the  Aastralians,  the  BuslifflCHt 
and  other  low  raceSi  podsessiug  na  fiicchl  habitations,  the  wif^  par- 
tukea  of  all  her  huohfLnd's  toils,  and  hast,  in  odJttion,  the  car©  of 
ihn  progeny,  The  epher© of  occnpntion  is  tho  same  for hoth soiea ; 
whilat  among  the  civilised  nations  there  is  £l  diviaioti  both  ia 
physical  and  mental  labour.  If  it  be  truQ  that  every  organ  ii 
strengthened  by  cxerciBe^  increasing  in  size  and  weight,  it  must 
equally  apply  to  the  brain,  which  niuet  become  more  developed 
by  projier  mental  exercise." 

A«;iiinj  it  Las  Leon  pointed  out  by  Le  Bon  that  th* 
range  of  variation  in  '  cranial  capacity  *  to  be  met  with 
among  dilTerent  iudiviilaala  of  the  male  sex  Beema  to 
be  great  in  proportion  to  the  position  of  the  race  in  the 
scalti  of  civilization.  Thus  lar^e  and  small  mnle  skulls 
among  Negroes  may  vary,*'  he  says,  "by  ^04  cubic  centi- 
metres, among  the  ancient  Egyptians  by  353,  among 
twelfth* century  Parisians  by  47:2,  and  among  modern 
ParisianB  by  593  cubic  centimetres.*' ,  Consequently  he 
holds  that  the  real  test  of  superiority  of  one  race  over 
another  in  regard  to  '  cranial  capacity  '  is  not  to  be  ascer-' 
tained  by  averages,  which  may  bo  and  often  are  most 
deceptive,  but  rather  by  discovering  how  many  individuals 
per  cent,  for  different  races  posscM  skulls  of  given 
volumes.  *'  The  superior  race,"  according  to  Lo  Hon, 
''eontains  many  more  voluminous  skulls  than  the  inferior 
race.  Out  of  IDO  moderu  Parisian  skulls,  there  will  be 
about  11  speeimena  whose  capacity  ranges  from  1700  to 
1900  cubic  centimetres,  while  among  the  same  number  of 
Negro  skulls  not  a  &ingla  one  will  be  fouud  possessing  the 
capacities  above  mentioned.*'  In  hia  more  recent  and 
longer  paper  Le  Bon  gives  the  following  interesting  table 
of  percentages  in  illustration  of  these  views  : — 
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Cranial  CAPAcitt  i»  DirFKntNT  Ji^jUAN  Racus. 


Cnuilnl  Capacity. 

ruriiibi>» 

u(  the  Vi^b 

Hutu. 

Cubic  CccitrmatnM. 

12U0  to  I'M)  .  • 

0^ 

ou 

0-0 

Ti 

4^-0 

1300  to  1+00  .  - 

10-t 

7-5 

121 

■250 

1-400  to  15r>0  ,  . 

It  3 

a7^ij 

1500  to  ISW)  *  . 

ad -4 

U7 

100 

1000  to  1700  .  . 

!I0 

00 

1700  to  18(K)  .  , 

o-o 

0-0 

00 

lS00  tol900  .  , 

£.■2 

00 

0-0 

0-0 

0-0 

The  snme  writer  iidtls  :* — Tbc  crniiittl  capacity  of  tlio 
Gorilla  oftL-n  roaclioa  COO  cubic  centimetres,  m  lliat  it 
followB  thiit  there  are  a  large  number  of  niea  more  allied 
by  voliJhie  of  Lniin  to  the  anthropoid  apes  tlian  they  arc 
to  some  other  men." 

Brain-Weiglits, 

The  mode  of  weighing  the  Brain  has  not  always  been 
Bimilar  by  different  obson'ere.  Some  have  been  actus- 
tomed  to  Btrip  ofiT  its  ihin  enveloping  membranes  before 
pnttinj^  the  organ  into  the  scales,  while  others  weigh  it 
and  them  together.  But  the  weight  of  *  arachnoid  *  and 
'pia  mater'  Is  pretty  well  knowu»  and  would  scarcely 
exceed  J  or  1  oz.  Again,  of  those  who  follow  the  latter 
auJ  by  fur  the  most  common  method,  some  have  weighed 
the  bruiu  in  its  entire  condition  almost  bb  soon  as  it  has 
been  removed  from  the  body;  while  one  obsei'ver  at  least, 
Dr,  Thnniam,  has  been  in  the  habit  oF  elitiing  it  first  and 
allowing  serum  and  blood  to  drain  away  for  one  to  two 

•  T*oc.  cit„  n,  75. 
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hours  before  putting  the  organ  iuto  the  Bcalos.  By 
latter  process  its  total  weiglit  may  in  some  easca  be 
dimiDitihetl  by  from  1  to  2  oz.* 

These  being  abuost  the  only  possible  sources  of  yana- 
tion,  ^bere  ordinary  care  is  eierclKed  in  the  process  of 
'weighing,  the  Brain-weights  of  different  observers  ami 
more  strictly  comparable  mth  one  another  than  are  the 
estimatioDB  of  'cranial  capacity'  by  different  observers, 
using,  as  they  mostly  have  done,  very  different  methods, 
whose  relative  indices  of  variation  have  not  yet  bc<;n 
determined. 

Of  conree  most  of  the  cansee  which  affect  the  cranial 
capacity  of  individuals  would  also  affect  their  Brain- 
weighta,  and  vice  verm.  But,  except  in  regard  to  the 
comparison  of  ancient  with  modern  rnccs,  ihcso  con- 
ditions have  been  much  morfi  fully  worked  out  in  terms 
of  Brain-weight  than  in  terms  of  cranial  capadty. 

Some  of  tho  principal  modifying  conditions  ydll  novf  l)o 
briefly  referred  to. 

Age. — It  \ras  believed  by  the  earlier  anatomists,  and 
even  by  Ticdcmann  and  Sir  William  Hamilton,  that  the 
human  brain  attained  its  greatest  development  at  about 
the  seventh  year.  We  now  know  this  to  be  incorrect ;  yet 
from  the  extensive  researches  of  Dr,  Boyd  as  tabulated 
by  Thurnam  {loc.  cit.,  Tab.  is.),  it  would  appear  that  it 
does  in  the  male  acliiany  reach  about  ;^th3  of  its  ultimate 
weight  by  the  end  of  the  &eventh  year,  and  in  tho  female 
about  lyths  of  its  ultimate  weight  by  the  same  period. 
According  to  this  table,  moreover,  the  maximum  wei«ht 
of  Bniin,  far  both  eoxes,  was  met  with  in  iudividuuls  not 
exceeding  their  twentieth  year, 

*  See  aa  cicelknt  paper  by  Dr,Tb!irnam,"Oiith^'^c\ftVilof  Uw 
Haman  Brain  arid  on  the  Cirtumstiiticos  affecUti^  li,"  Jininw  c/ 
Jl/f     Science^  18G0.  • 
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Thurnam  from  a  careful  con  side  rati  on  of  previously 
recorded  results  cornea  to  tbe  following  couclusiona 

*'  It  iiiay  in  getiei^l  be  adiuiti^d  tliat  th@  QT^niga  weiglit  of  the 
brain  tinclergoea  a  ]irogre»yive  increase  to  a  period  sotncwbere 
iK'twecT)  tlie  tsvcuttiiith  and  furticth  ycar>  According'  to  all  the 
tiiblea  IjciforG  08  wljich  refer  to  the  tune*  the  grealeafc  average 
wdght  far  tUe  muh  bruin  h  that  for  the  middle  di-cenntal  period, 
or  from  thirty  to  forty  ycara ;  and  this,  as  M.  Broca  observes, 
agrees  perfectly  with  ivhat  we  know  of  the  contiQued  develop* 
ntent  of  iutelhgence  during  the  *vht)le  of  thia  period.  For  women 
the  full  avpra^G  bizc  of  the  brain  is  perhaps  attained  within  th© 
preceding  docudo  of  twenty  lo  thirty  years ;  but  llie  ditt'ereoce 
botweon  the  two  se\ca  in  this  respect  is  not  great.  From  forty 
to  Hfty  yenTB  iiier*s  hi  a  slight  diminution  in  weight  and  a 
greaUr  one  betwtH-n  til'ty  and  eSxty,  After  blxty  years  the  rate 
of  decrease  is  etill  grciiter;  the  proceai*  of  decay  becomes  mora 
nnd  more  rjtpid,  and  thnu  in  the  eigE^th  decade  of  exiabenee  tha 
overage  weight  of  the  brain  ib  Icae  by  more  than  three  ouncea  (60 
to  90  grammes)  thaTi  it  was  in  the  fourth  decade.  In  the  ugedf  on 
the  average*  the  weight  of  the  brQiti  deureuses  pnrt  jmssu  with  the 
intelligence.  There  are  many  eiceptions  to  this  general  law,  and 
Bome^  particdlarly  of  the  more  cultivated  and  learned  ohies,  pre< 
serve  to  e^trome  age  all  the  fulness  and  vigour  of  their  faculties. 
The  brain  of  auch  men,  aa  the  lu.te  Frofesaor  Gratiolet  observea,. 
remaiqa  in  a  stitte  of  perpetual  youth,  und  loses  little  or  none  of 
the  weight  which  belonged  to  it  in  the  prime  of  life." 

Sex. — Thnrnaiii  saj3  : — "  My  own  ohservatioiis  fally 
coiilirm  ihosQ  of  preceding  writers  as  to  the  average 
weight  of  tliG  adult  male  brain  being  about  ten  por  cent* 
greater  tlmn  that  of  the  female.  As  Professor  Welcker 
espressea  it :  '  The  braiu-weight  of  the  male  (1390  grmm.) 
as  to  that  of  the  female  (1250  gnum.)*  as  100:90/ 
Sliglit  vaHtttionfj  ere  obBenable  in  the  brain-weights  of 
the  two  sexea,  as  given  by  different  observers,  but  it  will 
l>e  aeon  that  the  avern^o  difference  is  expressed  with 
nattch  accuracy  by  these  fignreg," 

*  Thu.t  ig  aboat-iS  oz>  and  ^  oz,  respectively. 


"  Some  have  atippos{<i3  with  Tifdemattti  that 
bram  oFtbe  female  is  due  s'unpiy  to  h^i  u 
ever,  is  nut  the  case  ;  and  it  va,B  long  ago  show 
Ihou  gh  from  a  too  restricted  numlfer  of  w  eiglits 
was  greater  tlian  could  be  accountt'd  for  in  this 
conlirin  this  opinian  from  calcnlatione  fonnded  t 
of  Dr.  Bojd  for  St.  Marylflione.    Forthia  pnrpt 
and  compDred  the  average  Btutiire  and  bmm'Av 
women  at  the  dfceutiial  pericda  from  twenty  tJ 
"Wbilst  tlie  brain-weight  is  nearly  10  per  rentl 
than  in  the  niale,  tbc  statnre  is  only  8|icr  cent.  Id 

Weight  of  Body  and  Stature.— TLe  x 

wei*;lit  to  LoJy-WL'igLt  follows  altuo&t  pri 
lAVis  as  ba\£)  Icen  found  to  bold  for  lowej 
is,  the  ratio  diminishes  with  increAt>ittg  woj 
of  body^  80  that,  as  Tiedemann  oLscrv 
brftin  is  sm»ller  in  comparison  to  the 
juftn  approaches  to  hia  full  growth." 

It  varies  also  with  his  degree  of  obesity.^ 
mm  tho  ratio  is  often  as  1 :  22  to  27  ;  in  | 
1 :  50  to  lOO;*  i 

But,  as  Tburuttm  saya : — ''Though  it 
tioned  wbetbor  many  useful  physiological 
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between  the  two  being  at  tlxo  rate  of  five  per  cent, ;  i.e. 
the  brain  of  a  tall  man  being  repreaeuted  hy  100,  that  of 
&  man  of  fiboii  stature  waa  95.  The  dtiference  in  womea 
was  a  little  less,'*  This  agrees  pretty  closely  with 
MarsLali's  more  receut  computations. 

Bace. — Compnratively  few  observations  hare  as  yot 
been  instUnted  in  reference  to  tLis  very  large  anbject — 
viz.  the  question  of  the  average  or  prevailing  weight  of 
the  Brain  in  different  races  of  Men,  More  has  been 
done  in  this  direction  io  regard  to  variutions  of  *  craniiLl 
capacity/ 

Somo  sort  of  commencement  baSj  however,  been  mailo 
towards  ascertaining  the  average  weight  of  Brain  for  the 
Engiish  and  Scottish,  and,  with  leaa  preciBiou,  that  for 
the  French  and  German  people.  But  the  observationa 
made  have,  as  yet,  been  obtained  from  too  restricted 
areas^  and  too  much  from  persons  of  the  same  social  and 
edncational  atatas, 

Thurnam  thinka  that  Welcker'a  estimate  of  1390 
grammes  or  43  ok.  repreeeats  the  mean  weiglit  of  male 
European  brains,  in  persona  of  twenty  to  sixty  years 
of  age,  with,  considerable  accuracy,  and  he  gives  the 
following  table  showing  how  the  mean  brain-weighta 
for  the  separate  people  above  mentioned  stand  in  regard 
to  it : — 


Europeans  {Wdckcr) 
En 


UktiQ  OF  Boain-Weioiit  or  dippeeent  EintopiiH  Bmotm* 


English  {Boyti)      ,  . 

{Peacock)  *  • 
French  {Farrhajyfir) 

Scotch  (Pctecuc/f)    »  , 


49 

131*0  . 

.  100 

47  8 

1354  , 

,  97 

49 

1388  , 

,  9S 

47-0 

1358  - 

.  98 

1371  . 

*  965 

50 

U17  * 

.  102 
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It  will  be  interesttug  to  place  next  to  LLis  the  Ubl 
given  by  Thurnam  embodjing  the  average  rcsalts  of  tliS 
weighing  of  twelve  Negro  broins. 

AvERAG£  Biiaim  Weigut  OF  EtnoMiAyfl  AiTD  Kkqroes  CaurABKii. 


4S> 

131)0  . 

.  lOO 

Negroea  {Tiedemnnn,  4) 

.  U-2 

1252  . 

.  90 

.  443 

1255  , 

.  90 

4-i& 

m\  . 

.  00 

(Average,  12) 

,  44-3 

1255  . 

. 

These  obBcn-ationa,  as  Tburiiftm  eaysj  agree  in  *'  making 
the  Brain-weight  of  the  male  Negro  the  same  as  thai  of 
the  female  European, "  He  adds  : — **  The  decided  influ- 
ence of  race  on  the  weight  of  the  brain  is  scarcely  to  be 
qncstioned;  and  there  can  bo  htlle  doubt  that  the  smaller 
Bir.Q  of  the  brain  in  other  mclanoua  and  lower  races  will 
hereafter  be  made  out  by  direct  observation-  The  braina 
of  the  Hindoo,  Hottentot,  Bushman,  and  Australian,  aro 
probably  of  Jess  weight  even  than  that  of  the  Negro; 
but  in  all  these  comparisons  the  stature  must  be  eon- 
Bidered/'  * 

Records  of  the  Brain-weight  of  males  belonging  t 
these  latter  races  are  not  as  yet  forthcoming  j  but  from 
the  ascertained  weight  of  three  female  Busbwomen,  as 
Well  as  from  what  we  know  of  the  cranial  capacity  of  Ibe 
races  mentionedj  it  may  fairly  be  anticipated  that  their 

•  There  ia  aorae  reaaoa  to  believe  that,  to  a  e«rtaia  ettcut,  m  we 
go  narthwarda  tbo  average  human  stttture  increaacfi,  with  it 
the  average  craaial  capaoity  and  bmiti- weight.  Yet  the  Lappv 
and  E^qtiimaTiJc  are  oxtretnely  abort,  though  ih^lr  cmniul  capactUes 
tcmoit]  ana^ually  high. 
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weight  of  bram  would  fall  distinctly  below  tUnt  of  tha 
Negro, 


The  brain  of  a  Buahwomati  examiDed  hj  Pfofeesorllarahall  wiift 
computed  to  be  31  5oz.i  whik  be  bus  calculated  tbat  the  bruin  of 
an  average  Enjflish woman  of  about  the  Bame  ago  and  stature 
would  bavQ  wei^hsd  Dot  lesa  than  40  oz.  The  braiti  of  aTiuther 
Bubhwoman^comniotilj  known  aa  the  *'  Hottentot  YemiB,"  who  was 
examined  hy  Grutiulet,  in  aaid  to  havo  been  a  triile  larger*  though 
the  exact  weight  was  not  aHcertained.  Lastly — though  first 
in  order  of  tiioe — ^Dr.  Quoin  recorded  the  weight  of  a  Bosjea  girU 
fourteun  years  of  age,  and  forty  inL-hes  in  height,  aa  3-4  oz„  or  963 
grammea.  This,  as  Dr.  Thurnam  points  oiit,  falls  short  even  of 
the  average  weight  of  the  braia  of  the  female  English  child  between 
two  and  fQ?ir  yeara  of  age,  in  whom*  according  to  iha  tables  of  Dr. 
Boydp  the  brain-weight  is  34  ^7  oz.  (91*1  gramines),  and  the  average 
•future  iiichea-"  Seeing-,  moreover,  as  Dr,  Boyd'a  tables  also 
show,  that  by  the  end  of  iha  seventh  year  the  braiu  of  the  female 
Las  attained  to  at  K-ast  ten  elevenths  oFita  full  weight,  the  brain  of 
this  Bosjes  girl  is  not  likely  to  have  been  much  behiod  the  weight 
to  which  it  might  have  attained  in  the  adnit  condition. 


The  Cbiuese  are  represeutatives  of  the  most  ancient 
peraistent,  if  not  the  most  advanced  civilization  of  the 
and  quite  r^coctly  the  brain-weigbts  of  eleven  adult 
Ues  and  of  five  adult,  females  bave  been  recordod  by 
Dr.  C.  Clapbam,*  **  With  the  exception  of  one  indi- 
vidual they  all  belonged,"  he  says,  "to  tho  'Coolie/ or 
lowest  grade  of  Chinese  society,"  yet  their  brain-wuif^'hta 
were  remarkably  high,  when  it  is  considered  that  tboy 
were  in  no  way  picked  individnalsj  but  mere  chance  vic- 
tims of  the  great  typhoon  Tvhich  raged  at  Hong  Kong  in 
September,  1874,  The  posssiblo  iuflucnce  of  Congestion, 
owing  to  the  mode  of  doatb,  iu  slightly  raising  theae 
brain-weights  must,  however,  not  be  forgotten. 


•  "Journ,  of  the  Anthropolog.  Inst/'voh  vii.  p.  flO» 


,  26  .  ,  . 

3  . 

.  45  .    .  . 

4  , 

,  40  .    .  . 
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,  40  .   .  . 

,    ,  48  .    ,  , 

.   .  SS  .  •  , 

la.  , 

,  35  .   .  , 
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48 

4!»S 
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The  signifieaoce  of  these  figures  will  j 
ferred  to. 

Mental  Power  and  Degree  of  Ediu 
this  head  we  may  briefly  pass  ia  Terlew  w] 
to  the  correlation  in  tUe  human  subject  i 
and  de^ce  of  KJucatioa,  with  bIzq  and  wi 
Many  more  fuels  are  needed  before  maci 
considered  to  be  thrown  upon  this  subject 
some  of  the  data  at  present  in  our  posg| 
first  sight  rather  contradictory.  The 
however,  more  apparent  than  real,  | 

Some  hints  have  already  boen  given  upt 
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iDBtance,  aaeertaiued  by  Dr.  Tiiumauii  thut  tbo  average 
Lraiu-weigUt  of  insane  nialea  bclon^ng  to  tLe  mote 
educated  middle  class  in  Iho  York  Rutreat  was  decidedly 
above  tbafc  of  paupers  wLa  died  in  the  county  aajlama  of 
Somerset  and  Wilts,*  Broca  has  also  mado  some  inves- 
tigations in  order  to  ascertain  the  dimensions  of  iho  beads 
of  a  number  of  students  of  the  £cole  de  M^dedne  as 
compared  with  those  of  a  nmnbcr  of  servants  in  the  largo 
Lospital  of  the  Bicetre,  ivith  the  ri^sult  of  sliowiug  a 
distinct  preponderance  in  favour  of  the  students.  This 
latter  statement  iSj  however,  not  easy  to  understand, 
niilegs  we  are  to  believe  that  the  snpenor  education  of 
the  students  has,  during  their  own  in  dividual  lives,  given 
rise  to  a  distinctly  increased  size  of  Brain  and  of  head. 
Among  the  ancestors  of  the  students  aud  tbd  servants  it 
is  quite  possible  that,  in  many  instances,  the  robitivo 
degree  of  education  and  amount  of  habitual  exercise  of 
brain  may  have  been  reversed.  If  Broca  could  measure 
the  beads  of  these  two  sets  of  persons  again — that  is  the 
same  individuals— after  an  interval  of  ten  years,  the 
relative  difTcrcnce  between  these  two  measurements  of 
the  two  classes  might  yield  some  interesting  information. 
But  would  any  diilerence  be  observed  in  the  two  seta  of 
measurements  after  such  an  interval,  and  if  so  could  it  be 
ascribed  to  the  efiPects  of  superior  brain  exercise  ?  These 
very  doubtful  questions  remain  to  be  solved.! 

•  Tbo  difference  was  not  nearly  bo  well  marked  between  the 
bmia -weights  of  the  femnU'S  of  theaetwo  claeaes;  afact  harmonioua 
with  others  already,  and  BubBcquently  to  be,  citedt  showing  that 
the  range  of  vnriation  itx  them  under  the  influence  of  varioas  qqu- 
ditions  ia  le&B  than  it  is  for  tlie  brain  of  nieti. 

f  Le  Boa  baa  also  given  a  table  showing  the  prevailing  circum- 
ferential Head  meaaDfcments  (wlitcb  ranjjfd  from  tp3  to  62*5  centi- 
metres}  of  itidividiiula  belonging  to  diQ'erent  aociul  cksaea,  at 
preaect  living  in  Paris,  and  who,  from  their  differences  in 
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Any  considerable  number  either  of  Skulls  or  Brains  will 
generally  be  found  to  contain  representatives  of  tbrea 
artificial  sories  into  which  it  is  conTonient  to  divide  them. 
First,  those  of  racdium  capacity  or  weight ;  second,  those 
which  are  more  or  less  decidedly  small  (microcephalous); 
third,  those  which  are  more  or  less  decidedly  largo  (mega- 
locqihftloua).  For  Brain-weights  Thurnam  has  fixed  upon 
the  follovvinfT  nurabers,  as  those  most  expedient  to  adopi 
in  the  separation  of  sitch  classes  from  one  another. 


a. — Inripifni  Micro- 

Men. —  40-374  " 

grtktnmea. 
Women.  — 35-324  01. 
{190-920  gmmmu. 

h. — D.ddfd  Micro- 

Men. — LlniJor  arj  ob.  or 

lO02  gmminvs. 
WniTKMi.  —  Uadar  at. 

ar  920  grmBimvB, 


Men.  —  M-Sej  fiz.  or 

WonieTi,  — 36— 17i  or 
9)^0-1345  gmmmes. 


Men.  —  5Ei — &S  «r 

Womm. — l7i-50  ««.  or 
1315-111*  ffninmei., 
B. — Deddtd  MtffoJc^ 
trpkaip, 
Mcu,— A£  oa.  or  IStiO 

WomfTJ.  —  50    ot.  or 
1417  gramme*, 


This  is  a  useful  table,  since  it  shows  the  wide  range 
of  variation  to  b«  mot  with  in  the  brain-weights  both  of 
Men  and  of  Women ;  it  may^  however,  bo  suppkraented 
by  the  conclneions  of  Dr.  Sharpey  bs  dodnccd  from  » 

mode  of  Ufa,  are  accaatomed  to  exercise  their  IcileUigcnce  in  di 
ftr^t  df^grees,    T\m  prevail™?  inBtt«urementii  show  a  di»tiDci 
det-rea-ae  in  tlie  orclCT  of  c1ii»m:b»  whom  h(5  designates:— 

1,  Sft-o-antfl  et  Itttrti^;  tl,  "Ponrgeoia  Pwriaiena;  3,  Nobles  d' 
dmnea  families;       iJoniisV*^^^*^^^'''^^^^*"  ' 
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caiefol  tabular  analysis  mado  by  bim  of  the  brain-weights 
recorded  bj  Bims,  Clendinuiiig,  Tiedemann  and  Rei<L 
Having  rejected  from  his  table  all  those  cases  in  wliick 
cerebral  disease  ia  reputed  to  bave  existed^  Dr.  SLarpoy 
says  ;— 

According  lo  this  iMo  the  irniximnm  weight  of  the  adult  male 
bruin  in  a  Beries  of  27B  cases  wils  65  qz. ;  aud  tbo  jnimmum  welgibt 
S4  oz.  Id  a  series  of  101  cases  the  tnfiLximDm  weight  ia  the  adult 
female  was  55  oz. ;  and  the  miniinura  31  ok.  ;  the  difference  between 
the  extreme  weights  in  the  male  sabject  being  no  loss  than  31  os!.,aad 
in  the  ftraale  25  oz.  The  weight  of  the  adult  male  brain  appears* 
therefore,  to  be  subject  to  a  wider  raoge  gf  variety  than  that  of  the 
ft*mal0.  By  grouping  the  rusea  together  in  the  manner  indicated 
by  bracitetsi  it  ia  found  that  in  a  very  largo  proportion  the  weight 
of  the  male  brain  ranges  betwooti  46  oz.  and  53  oz.,  and  that  of  tho 
female  brain  between  41  oz.  and  47  oz.  The  jireoailing  weights  of 
Uie  adult  male  and  female  braiu  luaj  therefore  bo  said  bo  rang« 
between  those  ternia;  and  by  taking  the  mean  an  average  weight 
ia  deduced  of  4^*J  oz,  for  the  male,  and  of  44  oz.  for  the  female 
brain, — reaults  which  correspond  cloaely  with  the  statements  gene- 
rally received.  ,  .  .  Tiie  general  superiority  in  absolnte  weight 
of  the  male  over  the  female  bruin  is  shown  by  Table  2  to  exist  at 
every  pericid  of  life.  In  new-born  infanta  the  brain  waa  found  by 
Tiedemann  to  weigh  l  l^oz.  to  Ir^j  oz.  in  the  male,  and  lOoz.to 
1:^02.  ia  the  female" 

(a) — Some  of  the  ConditlonB  coinciding  wuh  low  Brain- 
ivexghts : — The  average  brain-weight  of  i  er^iona  dying  in 
Lunatic  Asylums  has  been  found  to  be  distinctly  lower 
than  that  of  persons  of  the  same  elms  who  are  not 
insane.  Some  of  thia  diiuiiiution  of  the  average  brain- 
weight  among  the  insane  generally,  is  doubtless  dac,  as 
Thiimam  snggeats,  to  partial  atrophy  of  the  convoln- 
tions  ;  thongh  some  of  it  may  also  be  attribntable  to  initial 
smallnesB  of  brain  in  certain  of  the  reprosentatives  of  this 
asylum  class*  But,  as  the  same  writer  remarks, — The 
average  brain-weight  of  those  dying  tn  asylums  is  made 
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up  of  weights  which  ore  above  the  average  of  the  healthv 
brain,  and  of  others  -^hicb  are  m&tcriallj  below  it/'  In 
general  tho  latter  greatly  preponderate,  and  therefore  it  is 
thai  the  average  Ib  low^  but  among  Epileptics  iaasyltims* 
uod  occasionally  among  simply  demonted  patieuta,  th^ 
brain  has  not  unfrequently  been  found  to  be  considerably 
above  the  normal  or  avorugo  weight  for  sane  Individ  anU« 

In  congenital  Imbeciles  and  Idiota  the  average  weight 
of  the  brain  is  still  lower  than  it  is  among  those  in  'nbom 
Chrouiclnsanity  has  supervened  during  adult  life.  From 
an  examination  of  twenty-two  brains  of  idiota,  some  of 
whom  were  also  epileptics,  Dr.  Thurnam  obtained  an 
average  weight  fur  fourteen  mv.lvs  of  42oz«,  or 
grammca,  and  for  eight  females  a  weight  of  4.1*2  ok*»  or 
1,167  grammes.    The  arera^^e  of  the  Litter  ia  curiously 
enough  almost  identical  with  that  of  the  rest  of  th& 
female  insane  of  tho  same  series;  though  that  of  the 
male  hniins  is  very  decidedly  less.    Idiocy  is,  therefore, 
not  necessarily  aseociated  with  a  very  Btuall  size  of  brain : 
though  this  is  freqnently  the  cage,  Still  various  deficiencies 
in  the  internal  structure  and  6ner  development  of  tho 
brain  may  also  entail  a  similar  condHion  of  mental  defect- 

Among50bniin8ofiaiot»eiaminedbjDr.Latigdoti  Dowii, 
■ges  ranged  from  5  to  33year8,  tbe  minimtim  wLMRht  in  a  boy  of  |8 
was  15  oz.  (425  ffraiuiDea);  th«  maximum  weigbtin  il  man  of 
woe  as  much  rs  59  5oa  (1,404  gtatnmeB)*   The  btter 
ID  all  probability  one  which  liad  been  augroenleil  to  ft  coDSiJcmWto 
eitent  by  njorbid  tieaue  ehatig™  of  a  Icind  to  which  rcfcrenc*  w  , 
presently  be  matle. 

Where  the  weight  of  the  Bra'm  faUa  beWw  »  cerlavn 
mimmum  standard,  tho  posse  saion  by  Ua  ovnaer  of  »ay- 
thing  like  ordinary  lloman    IYvto\V\p•Puc^^  s^e^^*  ^ 
impossible.    Gratiolet,  ^vithout  ^^dt^wg 
posed  this  lower  limit  of  weis^^         a^><>^^        oa.,  ot 
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SlOO  gramraea,  Broca  pliicea  it  aomewliiit  lii<^lKT,  fixing 
upon  32  oz,f  or  907  grammos,  as  the  limit  for  the  female, 
fliid  37  oz,t  or  1,019  grammes,  as  the  lower  limit  of 
weight  for  the  male  brain,  compatible  with  ordinary 
Human  Intelligence* 

The  brain-weight  of  Idiots  may,  however,  and  frequently 
does,  full  far  below  tho  limits  above  nseignod,  and  that 
either  from  atro|ihic  disease  ensuing  some  time  after  birth 
or  from  congenital  defeet.  Subjoined  is  a  table  given  by 
Thnrnam  of  llie  lowest  fifteen  brain-weights  as  yet  re- 
corded among  Idiots:* — 


IJiuiN-Wj;ir;]iTs  of  Smali^Headkd  Idiots. 


OtwDTVer.  Woi^bt  ot  nrulti. 

Oe.  Ci'tiiiiit. 
29  30-7t>  H>13 
22  35-5  IW 
45  34-2  ff70 
.52  32  907 
U  213  OQO 
IH  15  425 
22  1312  372 
26  10-6  300 
12     85  2'H 


1.  Thnrnam  . 

&  PiirL-bap(^« . 
4*  Thuniurn  . 
6.  Peacock 

6.  Down, 

7.  Owon. 
e.  Theile. 
1),  Marshall  , 


No.  Obeemr. 

1.  BocltnU 

2.  Sirafl  . 

3.  ParcbapjMS 

4.  Tuko  . 

5.  Tied<;iuaiJD 

6.  Gore  . 


Age,  Wei^lit  of  Dnln. 

325  921 
27 
25-4 
2275 

10 


37 
12 

25 
70 

le 

42 


765 
720 
644 

283 


{h) — Some  of  the  Condiilotia  roincidifig  wllh  high  Brain* 
ttei^htB: — Yery  low  brain-weights  are,  qb  wo  have  seen, 
only  consistent  with  Dementia  or  Idiocy,  Very  high 
hrain-weighta  may,  however,  be  met  with,  either  (1)  in 
association  with  these  fiame  morbid  conditioiiB  or  among 
insnne  persons  belonging  to  othor  categories;  (2)  in  very 
ordinary  sano  individuals;  or  (3)  among  the  most  highly 
jnteJleetnai  members  of  society.    That  the  latter  aBso- 

*  Xiw.  cat,,  p.  29.  RcfercQcea  to  tbe  original  deacriptioiiB  of 
thcee  brains  arc  cited. 
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ciation  Bliould  be  encountered  is  liarmonious  eucngb 
with  commonly  receiTed  beliefs,  though  the  existence  of 
tlie  two  former  will  be  regarded,  at  first  sigbt,  aa 
altogether  anomaloiie.  But  it  is  not  so  anomalons 
it  may  seem, 

(1.)  In  to  assodatioDS  of  the  first  ortler  Tbumam 

found  that  in  about  10  per  ceut.  of  the  males  and  7  per 
cent,  of  the  femuleB  who  died  in  tho  Wilta  County  Lnnutic 
Asylum,  the  brain-weight  Gxcocdcd  the  upper  limit  of 
the  "medium  size,"  viz.,  52^  oz.  and  47Jqz-  re 
tively ;  while  in  from  3  to  4  per  cent,  decidedly  mega 
cepbttloua  weights  were  met  with — that  is,  above  55  oi^ 
and  50  oz,  respectircly.  These  facts  agree  pretty  closely 
with  the  ohBerTationa  more  recently  published  by  Dr.  C. 
Clapham,*  although  the  proportion  of  decidedly  megalo^ 
cephaloua  weights  was  found  by  this  latter  observer  t 
h«  slightly  higher  in  his  larger  series  of  brain-weights 
obtained  from  a  more  northern  Engli&h  Asylum.  Thna, 
among  700  male  brains  there  were  no  lees  than  43  tho 
weiglit  of  which  was  55  oz.  and  upwarda^ — and  of  these 
weighed  even  as  much  as  60-51  oz.l 

In  reference  to  the  brain-weights  met  with  In  the  Wilt4 
Asylum,  Thumam  says; — 

**  Tbe  large  braine  above  roviowcd  are  with  little  exception  thoM 
of  per.4t:>nB  in  the  liibouringor  artiFran  class,  and  if  in  any  of  th^m 
tht^re  waa  an  unusual  degree  of  iat^lligeace,  the  sphere  far  iti 
Cicrciae  must  have  been  very  liniited*    The  heaviest  braiti  weij^bed 

*  \Vi^>;t  Killing  Asylum  Beports.  vol  vi.,  187fi. 

f  la  the  lower  pereentage  of  decidedly  nicgalcicepbalonii  broine 
met  with  by  TbnniiLTii,  to  be  nccoiuil^d  for  by  thw  diQ>f«nce  in 
^n^ngi-iijihical  arua  from  which  tbe  nbovu  two  st^te  of  pattenta  wf» 
derived?  or  may  it  aot  be  jnHt  aa  niuch  diiti  to  tbe  fuel  that 
Thumatn'a  weighings  were  mode  tL^Utt  previotia  Hbcini^  and  pro- 
UiOg>9d  draiimgo  of  b'ood  and  ecrum  bud  tukcn  [ilacef  {we  p.  ^63.} 
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by  mo  (62Qs.,or  1,760  grammes)  waa  thutof  an  tineJuo&ted  butcher, 
who  was  1  net  able  to  read,  Bud  who  died  suddeuly  of  epilepsy  com- 
bined with  maniaj  afhir  about  a  year's  illncas,  ,  ,  .  .  The  beavieet 
hrain-weiglit  rec^irJfd  by  Dr.  Buckaill  is  that  of  a  male  opileptic, 
aged  thirty-Bcven;  and  in  this  iDBtance  the  brain  weighed  6-t'5  oz., 
or  1,6:30  prararaen,  which  waa  the  weight  of  the  braiti  of  the  qele* 
bmted  GuvitT,  With  one  exceptiou  the  maiimum  weight  observed 
by  M.  Parchi'ppe  was  also  that  of  an  epileptic  man,  aged  tliirty-one, 
in  whose  caae  tlie  brain  weighed  6r3  oz-,  or  1,737  grarnmea.  The 
hfaviaat  female  brain  of  which  I  find  atiy  mentioti,  is  recorded  by 
Dr.  8kjie,  The  patirnt  was  not  epilcittic,  but  hiboured  nnder 
pioiiomania  of  pridcj  dying  at  the  age  of  thirty  mue  of  an 
exhausting  diaejifle — phlhiKiH.  The  ?>ram  had,  for  a  woman,  iJia 
Vit}netrt}as  weight  of  61&  o?.,  or  1,7-^  yuaniwiej/* 

It  is  pos&iblo  that  these  (Iceidi'dly  heavy  Braiu-wei^'hta 
caay  be  met,  with  in  a  slighlly  b^ber  ratio  umong  th^ 
iDs&ne  than  aiuong  the  fiane  members  of  any  particubir 
clftsSj  and  this  for  the  follo^^ing  reasons  :—Firat,  Insanity 
is  a,  condition  dependent  upon  various  inorhid  states  which 
may  perhaps  be  said  to  be  equally  prone  to  occur  in 
large-brained  and  in  saialhbrained  individuals  ;  sccondltf, 
m  some  of  the  cases  of  this  disease,  with  or  without  the 
asHociation  of  Epilepsy,  the  organ  or  considerable  parts 
of  it  tend  to  become  indurated,  owing  to  b  dispropor- 
tionate development  or  actual  overgrowth  of  the  lower 
and  fauctiouully  inert  coustituentB  of  the  brain — its  mere 
connective  tisBao  or  '  neuroglia ' — ^just  as  other  organs  of 
the  body,  the  hvor  for  instance,  may  be  epoib^d  function- 
ally though  actually  increased  in  bulk,  owing  to  a  similar 
comioctivo  tissue  overgrowth.  This  is  a  condition  apt  to 
he  met  with  in  confirmed  Epileptics.  And,  thlrdlt/,  should 
one  0^  these  latter  patients  happen  to  die  in  a  £t,  great 
fulness  of  the  blood -vossela  of  t]ie  brain  may  operate  as 
another  cause  tending  to  augment  the  brain-weight — as 
it  is  well  known  to  do  in  wUatevor  way  the  congestion 
may  have  been  produced*    Wagner  has  called  apecial 
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attention  to  this,  and  to  the  faet  that  bram-wei<;lits  art 
affected  not  only  lengtli  and  kind  of  illaess,  but  hj 
mode  of  death." 

(2.)  But  again,  liigh  Brain-weighta  have  oocaaionall; 
been  met  with  hy  many  observers  in  the  eTamiuation  of  the 
liudioB  of  qnite  ordinary^  common-place  mdividuals,  who 
daring  life  have  neither  been  insane  nor  notable  foi  any 
miusual  degree  of  intelligence. 

Perhaps  the  largest  set  of  tables  from  which  we  can 
obtain  traatwortby  information  on  thia  subject  has  been 
supplied  by  Dr,  Peacock,  and  concerning  these  Thnrnam 
writes  ; — 

"  In  Dr.  Peacock's  tableSp  out  of  the  157  weights  of  Iiruds 
itdult  Scotclimen,  between  twenty  arid  sixty  yeors  of  ag«,  there  are 
four  in  which  this  rangevi  from  61  o^.  to  627I>  oz  *  or  from  1^7^28  to 
1,773  grantmca.  They  were  all  apparently  of  the  artisan  cL&ssi 
Ihe  occupation  of  threft  of  them  b^ing  thoee  af  sailor^  printer,  an ' 
tuibr  respectively,  Tlio  causes  of  deuth  were  fever^  dellriu 
tremens,  and  in  two  caaes  severe  coiu|>ouud  fmctore.  All  wtro 
[aficctiona]  more  or  lesa  liable  to  be  attendi^  with  corebrul  con* 
gestion ;  and  there  is  nothing  to  tihow  that  these  individuals  were 
distiuguiijhed  frojo  their  ft^Uoivs  by  supenor  eadowmetitd/* 

The  heaviest  Human  Brain  as  yet  on  record  soema 
also  to  have  belonged  to  a  person  of  tine  claRS.  A  brief 
account  of  it  has  been  published  by  Dr.  Jamee  Moms.t 
The  man  from  whom  it  was  taken  was  a  bricklayer, 
thirty-eight  years  of  agOj  who  died  from  pyaemia  in 
University  College  Hospital  in  l!^49,  shortly  after  a 
surgical  operation. 

Dr.  Slorria  aaya : — "The  wciiylit  of  the  brain,  taken  iinni«diat«1y 
on  remoTtil,  rxc^cded  67  oz<  ThH  weighing  was  moitt  carefully 
niadet  and  waa  witiicxHed  by  at^veml  etiidetiLn.  The  bnijn  wa^  well 
pruportioned;  tlie  coavululiona  were  not  tluttencd,  thuugU  tho  aai- 

♦  Ynrfrtiidien,  1K62,  Abh  ,  pp.  {t^-9o, 
f  "  I3rit  Med.  Jouro.,"  Oct  2fi,  187*2,  p 
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face  wotf  fairly  moiat ;  it  only  lost  about  one  oance  weight  after  the 
i]8nul  digBe^tion  and  draitiing  for  two  koura."  The  maa'a  betght 
wiia  five  feet  nine  inchea,  nnd  he  was  of  a  robust  frame.  It  waji 
(1if^ci]U  to  obtain  any  satisfactory  hiatory  of  him — his  wife  and  bis 
Inixdlady  f^avb  different  accoLirits.  It  seenifM^^  however,  thu,t  he 
was  a  native  of  Sussex ;  timt  he  "had  left  hi^  tiiitive  village  and 
changed  hia  name  on  acf!onnt  of  some  poaching  troubloa;  that  be 
waa  not  vurj  sober ;  bad  a  good  niomory,  and  was  fond  of  politics. 
He  cotitd  titMllier  read  nor  write- "  Whntever  hia  potontiaUtw* 
might  have  been,  therefore,  it  is  evident  that  hia  actual  acquire- 
monta  \rere  not  grent. 

(3.)  The  comments  which  we  shall  have  to  tuiike  on 
these  latter  cases  will  be  hetter  reBcrred  till  some  illi;stra- 
tions  have  been  given  of  ihe  existence  of  high  Biain- 
weighia  among  men  of  great  mental  powers  and  ac?i|uire- 
mcnls — some  of  whom  in  their  various  spheres  of  life  anil 
occupation  have  been  among  the  foremost  representativee 
of  Human  Intelligence.  Subjoined  is  a  list  given  by 
Tbumam,  together  with  eight  additional  brnin-weigbts, 
viz.,  those  of  Schiller,  Agassiz,  Professor  Goodsir,  Sir 
-Tnmea  Simpson,  Mr.  Chauncej  Wright,  De  Morgan, 
Orote,  and  Dr.  Hughes  Bennett.* 

fia&IN-WLJGlETS  OP  DlSTINGUISEIHD  MlSN. 

1,  Cuvier,  X,ihirali8i     ,       .       .    63       64-5  1830 

2.  AbercromHo,  Phy«tcim    .      *   64      63  1785 

*  Eeferencea  will  btt  found  in  Dn  Thumam'a  pupcr  for  the  ploco 
of  ret^ord  of  most  of  theso  high  brain-wefghta  tabuliited  by  him. 
The  eight  additional  weighta  here  given  have  been,  in  the  above 
orJer,  thiie  refi'rrerl  to,  pnhliBhed,  or  ascertained: — (I)  ScbiUcr  and 
A^^asmz,  by  Dantol  Wilson,  in  "Canadian  Jonrnal/'  Oct  ]87<>*, 
(2)  Goodflir'8  "Anntom.  Itmjoirs,"  vol-  i.  p.  195  flStlB);  13}  "Med. 
Timea  and  GtLz./'  May  U,  1870,  p.  532;  (i)  Thos.  Cvvigbt  in 
"Prot^eed.  Atnerioan  Acad,  of  Arts  nnd  Sciences,"  vol.  %ni.  (1878); 
(ki)  Examination  made  by  Dr.  Wilmon  Foi  ami  the  writer  in  1871 ; 
tt>)  EiamioatioiJ  by  PnOf.  MarBball  in  1871;  (7)  *' Brit.  Med- 
Journ.;'  Oct.  S,  1873. 
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Age. 

a 

SchilltT,  Poet     .       #      ,  • 

■Hi 

17S& 

i. 

Goodair^  Analomiai     ,       «  « 

53 

&7*5 

1630 

5. 

Spurshelm,  Phijjitrian 

66 

55-06 

15^9 

6. 

James  Simiwsou^  Phn»icinn 

50 

fii 

1533 

7. 

Dirichletj  Mnthi'matifian  . 

G4 

60-6 

1^20 

8. 

De  Moray,  SUUcsfmni        .  . 

53-6 

15iJ0 

9. 

Daniel  AVebeter,  St^tttfrnan 

70 

535 

1516 

10. 

Campbell!,  Lord  Chunc^ilor 

80 

53-5 

1516 

a. 

Chauncey  Wriifht,  Phifskiifi 

45 

53*5 

1516 

Agaasiz,  i\^(i(itrii?i>i  . 

60 

533 

1512 

la 

Cliatmera^  Celebrated  Preacher  . 

ti7 

5a 

14, 

Fucha,  Paihologist     .       .  , 

5213 

1499 

15. 

73 

5275 

14Pfi 

1(3. 

Gauss,  3f<x^/i(']na£iVia4i 

78 

140-a 

17, 

Dapaytren,  Surgeon  * 

58 

r.07 

143a 

18. 

Grotc  Jlisim  ian 

7^ 

■1975 

lilO 

19, 

Whewellf  Philosopher, 

71 

49 

1390 

20. 

Hermann*  PhiJolotfxet 

51 

47*9 

21. 

Huj^hea  Bennett,  Ph^ftichii 

47 

22, 

T'ledemtLan,  AuiXtomigt       ,  « 

80 

44-2 

1254 

23. 

RjkusmatiQ,  Mineral^jgUt  . 

77 

43-2 

llh26 

It  ia  worthy  of  note  tbal  in  this  list,  in  addition  to 
the  great  proportion  of  high  Brain-ti^cighta,  there  are  also 
four  of  dislingul^hed  men,  which,  even  after  allowance  has 
hccn  made  for  some  amount  of  atrophy  consequent  upon 
age  iu  two  of  them,  would  more  or  leas  distinctly  full 
beneath  the  mere  average  weight  of  *t9  oz. 

The  facts  set  forth  in  the  above  table  well  as  Ihosa 
detailed  iu  tha  last  section,  are  principally  of  interepl 
from  their  bearing  upon  the  much  aud  long-dehated 
question  as  to  the  existence  of  any  necessary  or  invarinhlo 
connection  between  mere  size  or  tceitjkt  of  Brain  and 
iHtetUffence.  Upon  thiB  subject  a  few  brief  remarkfl  msj 
now  be  made. 

In  the  drBt  place  iheu,  it  seema  perfectly  plain  from  tho 
facts  recorded  that  thero  is  no  necessary  ot  invoriahb 
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relation  between  tLe  degree  of  Inteltigeiice  of  human 
beinga  and  the  mere  blzg  or  weight  of  their  Brains. 
We  hare  seen  that  some  demented  persons  may  have 
Tery  large  brains  ;  and  again,  that  in  certain  Tery  ordiuary 
nicmbers  of  society,  suffering  neither  from  disease  nor 
irom  congenital  defect^  the  brain  may  bo  decidedly  large 
and  heavy.  On  tho  otht?r  hand  men  of  great  acq^iiire- 
ments,  of  acknowledged  montul  power,  and  one  or  two 
even  of  European  fame,  may  have  been,  whilst  in  their 
prime,  posBesaed  of  brains  either  below  or  only  slightly 
exceeding  the  average  weight  of  the  male  brain  in  civilised 
rBcea,  viz,,  49  oa. — showing  that  a  wdl-constitutcd  Brain  of 
Bmall  dimensiona  may  he  capable  of  doing  much  better 
work  than  many  a  larger  organ  whose  internal  constitution 
4s,  from  one  or  other  cause,  defective. 

rjooking,  in  fact,  to  the  mere  size  and  weight  of  a 
Brain,  it  must  never  be  forgotten  that  these  may  bo 
notably  augmented  by  overgrowth  of  its  mere  inert  con- 
nective tissues;  or  even  if  morbid  tissue  changes  ho 
flbseut,  that  an  organ  of  large  size  or  weight  may  yet  be 
ft  more  or  less  inferior  perceptive  or  thinking  insti*umeub 
"by  reason  of  its  inner  and  finer  developments  being 
defective  and  badly  attuned  for  harmonious  action.  Or 
Again,  it  may  be  a  defective  instrument  by  reason  of  some 
Btill  more  subtle,  and  more  molecular  peculiarities  of  the 
nerve  elements  of  which  it  is  composed — whereby  these  are 
perhaps  both  less  receptive  and  less  '  retentive '  of  those 
Sensorial  Improssions  which  constitute  the  raw  material 
cf  Intcliigence,  and  also  less  capable  than  they  might  be 
of  taking  part  in  higher  Mental  Operati^ng. 

There  isj  therefore,  no  invariable  or  necessary  relation 
between  the  mere  Bmiu-wcights  of  individuals  and  their 
degrees  of  Intelligence.  But  should  it  be  asked  whether 
the  proportion  of  megaloccphaloas  Brains  among  highly 


'£A|)iLuities,   IS  the  real  direction  in  wliich 
for  evidences  of  class  or  racial  snperioriti^ 
This  modified  or  more  correct  fonu  of 
based  upon  Tarious  fucts  wbich  gire  it  a  ^ 
port.    Afl  previously  statedj  the  proporti 
nicgidocepholouH  *  male  brains  lias  bec-i 
the  lower  and  lesB  educated  members  of 
between  4  anil  C  per  cent,  for  persons  u 
of  age;  while  m  the  above  tuMe  of  I 
DiBtiiigiiifihed  Men  {wbichj  be  it  observet 
a  selected  list,  since  it  compriisos  all  such 
to  the  writer  as  having  been  recorded)  t 
thoHO  exceeding  55  oz,  amounts  to  near 
and  might  have  been  much  Iar*^er  Btlll  ^ 
for  the  great  age  of  somo  of  the  diutingui^ 
wlioao  brains  were  examined.     For,  no! 
marked  amount  of  senile  atropbj  in  soma 
no  leas  than  eleven  of  them  etill  weigh* 
It  seems  ^juite  possible  that  those  of  Sir  0 
Daniel  Webster,  Lord  Campbell,  and 
Morgan  and  Gauss,  may  each  have  exo< 
weight  when  tbese  diHtingnished  men  wi 
good  health  but  distinctly  under  sixty  jeai 
in  thi&  ca»e  the  number  of  '  decidrnlly  mi 
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I  large  size  of  an  or^im  saoli  as  the  Brain  f^ves,  perhaps,  & 
more  than  aTorago  warrant  that  its  inner  d(?VQlopment  will 
h&  adequately  caiTied  out,  and  that  the  organ  will  be  hifjhly 
endowed  with  its  own  jiroper  kind  of  vitality,  If  how- 
ever it  does  not  fidl  short  in  either  of  these  respects,  an 
increased  size  of  Brain  ou^ht  to  be  a  distinct  advantaj^e  for 
its  owner ;  and,  should  the  general  and  special  conditions 
I  of  life  be  at  all  propitious,  would  be  likely  to  favour  the 
i  development  of  great  Menial  Power  or  t!ie  acqniaition  of 
rouL'h  Learning. 

The  tendency  to  the  occurrence  of  high  Braiu-weights  in 
much  larger  proportion  uinong  the  civiliaed  than  Rmong 
uncivilized  or  little  civilized  races  has  been  already  referred 
to  in  this  chfipter.  This,  together  with  the  other  most  note- 
worthy and  well-estaMished  fact,  that  such  differences  of 
brain-weight  are  found  to  bo  far  more  marked  among  tho 
Men  than  among  the  Women  when  hi*];her  and  lower  races 
are  compared,  aifords  most  valuable  evidence  to  show  tho 
extent  to  which  the  Human  Brain  has,  in  the  couTfie  of 
many  generational  gone  on  increasing  iu  eize  under  tho 
influonce  of  that  augmented  use  and  exercise  apt  to  be 
entailed  by  a  life  passed  in  a  state  of  Civilization, 

But  tho  longer  a  state  of  Civilization  has  existed  among 
any  particular  people,  the  more  generally  diffused  among 
the  individuals  of  such  a  people  should  be  the  tendency 
to  inherit  a  brain  of  fall  diniunsiona.  And,  except  it  be  due 
to  some  quasi-accidental  and  Uttle  understood  race  distinc- 
tions, how  elfiB  are  we  adequately  to  explain  the  remarkable 
series  of  Chinese  brain-weights  published  by  Dr.  C.  Clap- 
ham?  In  thefjo  sixteen  chance  individuals  of  the  Coolie 
cla^s  the  brain- weights  are  distinctly  above  the  average  for 
En;j;lishf  Frouch,  or  Gcrinantj,  of  the  same  social  gratis, 
and,  though  to  a  less  extent,  also  above  that  for  Scottish 
Lowlauders. 

17 
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Be  the  cau&o  what  it  may  (and  their  mode  of  death 
must  not  be  fovgatten),  it  would  Bcarcely  be  possible  to 
point  to  such  another  scries  of  figares  for  any  axteen 
chsitico  individujila — with  tho  single  exception  of  those 
recorded  in  our  table  of  *  Brsin-AYeighta  of  Distinguished 
Men.' 

It  is  not  at  all  necessary  to  suppose  that  the  intlividual 
Chinese  Coolies  were  capable  of  displaying  any  notable 
nmoimt  of  intellectual  *  acquirement '  or  *  power/  in  order 
to  justify  their  possession  of  such  large  brains.  Dr.. 
Claphara  records  a  frtct  of  some  significance  in  this  con- 
nection when  be  says  : — Of  the  capaciUf  of  the  Chinese 
Coolie  class  for  loarniii^  I  am  not  inclined  to  speak  so 
lightly,  but  on  the  contrary  am  convinced  of  their  natnnd 
aptitude  in  this  direction/'  Wo  have  in  these  facta, 
perhaps,  just  what  might  be  expected  as  a  result  of  a 
very  long-continued  antecedent  civiliisation  even  of  a  low 
order,  viz.,  the  inheritance  of  a  liirge  Braiti  together  witli 
a  good  fiptitudo  or  '  capacity  '  for  learning."* 

The  Brain  is  different  from  all  other  organs  of  the  body. 
It  is  often  a  ma^s  of  structural  potentialities  rather  than 
of  fiiUy-devcloped  ner\'6  tiasuea.  Some  of  its  elements, 
viz.,  those  eoucerned  with  best-established  Instinctive 
Operations,  naturally  go  on  to  their  full  developmeDl 
without  the  aid  of  c-Jctiinsic  stimuli ;  otLers,  however,  and 
large  tracts  oi  these,  seem  to  progress  to  such  develop- 
ments  only  under  the  influence  of  suitable  stimuli.  Hence 
natural  aptitudca  and  potencies  of  the  most  subtle  ordcf 
may  never  bo  manifefited  by  multitudes  of  persona,  for 
want  of  the  proper  stimuli  and  practice  capable  of  per- 
fuotiiig  the  development  and  functional  activity  of  those 

*  Se<  pp.  351-353,  where  aoni©  fnot*  are  mentioned  t£tK3ing  la 
Hbow  thtit  Civjiiziition.  acting  tlirough  long  perioda^  do«i  hOlp  t 
bring  a1»ont  nn  tiicreaso  in  lli*?  niae  of  tlic  brain. 
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regions  of  the  brain  wboao  action  ia  inseparably  related 
to  tbo  mcutnl  pLction^enu  in  qaestion. 

The  developmetit  hero  referred  to  is  Qf  the  finer  sort ; 
that  which,  to  some  extentj  eludes  our  present  means  of 
observation*  Its  eBtabliBbment  may  he  associated  with 
an  altogether  insif!;Eificant  increase  of  weight,  and  perhaps 
no  increase  in  size,  of  the  organ  as  a  whole.  Yet  a 
development  of  previously  embryonic  Nerve  Ceils,  together 
with  an  estaliltshinent  of  multitudinous  new  connectioDH 
between  them,  by  means  of  '  intercellular  processes*  and 
*  commissural  fibres,'  may  bavc  been  taking  place  through- 
out large  tracts  and  areas  of  tbo  Brain,  to  an  extent  which 
it  ia  altog^ethcr  impossible  for  ti3  aleqiiately  to  realize.* 

Vhat  this  is  no  mere  fancy  ig  iu  part  evidenced  by  other 
facta  previously  aljited^  viz.,  that  the  male  braiu  actually 
attains  ^ihs,  and  the  female  bruin  -j'x^lis  of  its  total 
ultimate  weif^^ht  by  the  end  of  tlie  scmilh  year— although, 
at  this  time,  the  inner  and  finer  structural  development 
of  the  org"an  \s,  in  all  its  hi^^her  tracts,  still  in  a  com- 
parati\*ely  embryonic  condition.  Even  such  data  might, 
therefore^  be  considered  to  show,  in  the  strongest  manner, 
how  comparatively  unimportant  ia  mere  bulk  or  weight  of 
Brain  in  reference  to  the  decree  of  Intelligence  of  ita 
owner,  when  congiderod,  as  it  often  is,  apart  from  the  ranch 
more  important  question  of  the  relative  amount  of  ita  grey 
matter,  as  well  as  of  tho  amount  and  perfection  of  tho 
minute  internal  develojmicnt  of  the  organ  cither  actual  or 
possible. 

I  •  See  p.  346,  for  the  statoment  made  by  Lockhnrt  Clarke  aa  to 
I  Uie  characterietica  of  tliC  ernbryonic  or  Tind<3vi;loptKl  nerve  ele* 
I      m«nta  met  with  in  the  Ccnrbrul  Convolutiona  of  the  fcotna. 

■ 
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Ths  Brain  of  Mau  bclonga  to  the  same  tyjto  or  pattern  as 
that  met  with  among  Apes  and  Monkeys.  Whatever  in* 
turprvtalion  may  be  put  npan  it,  this  fact  itself  is  too 
oLvious  to  Ddmit  of  any  doubt.  The  same  [general  shape 
iB  to  bo  seviif  the  sanio  lobes,  the  saoio  prmcipul  fissures. 

It  is  tru6  that  important  differences  arc  &iso  en- 
countered. The  reliitive  size  and  developmeDt  of  the 
several  Lobes  is  not  the  same.  There  ia  agniu  in  the 
hriiin  of  Man  a  much  greater  richness  and  coinplicjicy  of 
the  *  flecondary '  fissures  and  Couvohitions ;  whilst  a 
ilififeience  ocHpninr^  all  othcra  iii  importauco  i&  to  be  found 
on  the  side  of  weight,  The  maximum  Brain- weights  that 
have,  as  yet,  been  encoantered  among  the  great  '  man- 
like '  Apes,  rang;G  fi'om  12-16  02,,  althoagh  the  lody- 
woi^^ht  of  some  of  these  creatures  equals  or  may  even 
greatly  exee{>d  that  of  on  ordinary  Man. 

Striking^  however,  as  the  difference  is,  between  the 
braiu-woi^hts  of  the  great '  man-like  *  Apes  and  those  of 
ordinary  human  beings,  it  must  not  be  forgotten  that  tb« 
actual  range  of  variation  mot  with  among  individual  Men 
ia  still  greater*  Some  persona  may  exhibit  distinctly 
human  attribntea  and  mental  powers,  though  possessing 
hrainB  which  do  not  exceed  82  oz,  in  weight,  whilst  the 
same  organ  in  other  Men  may  rise  to  a  maximum  of 
64-67  02.    Such  facts,  together  with  others  already  cited. 
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ceiltiinly  imply  the  oxiatcnce,  in  tUo  ]iniin  of  Man,  of  a 
remai'kable  capacity  for  growth  md  tlevt^lopmoDt,  under 
the  long-eontiiiued  influence  for  ffeneration  after  genera- 
tion of  those  moilcs  of  life  Hiid  cercLral  activity  i\'hidi 
live  almost  iustparahli;  from  ijxistonee  lu  a  moTo  or  less 
Civih'zed  Commuuiiy. 

In  etudyiug  the  external  configuration  ot  the  Hnnmu 
£miu,  it  will  be  most  expiidieut,  in  the  first  place,  to  look 


Phi.  BruM  nf  tlm  tTH^tfcntit  VcmiR,  ifJc  view     {Vi-gi,  nlinT  fTraUoIot.) 

belluni ;  Po,  pom  Vdrulil ;  ('  Jf,  hilhIiiIIu  uliSmigiitn  ;  S,  Sylv-iiui  fismiro  ;  H,  fi»ttiir()  of 
niTLiiiidi) ;  intnllel  fijwur«.  a',  Ui^per  fold  nf  frontal  coDvolutluiiii :  ti^,  iiijdii]4 
ft<Ii|  ui  fmutal  convolntiuTia  ^  a',  Inwer  fnld  of  frniitnl  coDTiilutioUo.  A,  AflCvEkdiuf^ 
fwntAl  iTtT  :u»t«rit?T  cciitml}  convolution  :  B,  AwonJiriif  |MTieUl  (or  poflUrlcr  ooutrjkl.) 
ciDnTDlntTou  :  6'*  upjtwr,  middlo  Mid  lower  folde  of  psriotftl  ronrolutftini ; 

f\  f*,  r*,  ni'iwr,  midiilo  aiid  lower  fijld*  nf  tcmptnul  coiiToliitiuiia  ;  fl\,  rf*,  liJ,  upper, 
lutdiUc  ft»d  litwff  fitldft  (if  tM3ciplta]  cf>nToIutiouii. 


to  the  chamctors  of  the  or^^un  it»  it  exi»tH  in  one  of  the 
lower  races  of  Mankind,  We  may  then  advantageously 
compare  one  of  these  simpler  types  with  the  more  highly 
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ovolved  forma  of  tlie  same  organ,  sul-Ii  na  arc  cotutnoii 
nrnong  ropresentalives  of  the  lii-rhtT  civilized  races* 

TLb  bL'ftin  of  tlie  so'callcd  *  Hotleutot  Venus  "  wiiB  care- 
fully examined 
and  ti<jure.l 
by  Oraiiulet. 
Tlioiigli  her  io- 
telligeiico  was 
not  Dotaldj 
defective,  tbi 
convolutions  of 
her  brain  were 
relatively  rery 
litlie  compli- 
cnted.  Afl«r 
eommentin  g 
upoTi  tbifi  fa^t, 
Graliolet  adds; 
— **  But  wbai 
strikes  one.  at 
once,  IB  the  sim- 
plicity^  the  re- 
gular ftrrange- 

Fl«.  tat^BmlH  or  Ul*  nulientot  VmniA.  tipper  M|*et.  niGUt  of  iho 
tV^t.  alter  ar^U..lct.)  ^^.^  CQDVolu- 

l,  Luiigfitiitdiiirvl  fiiwurc;      fixture  «>(  Kulrinilo;  r,  rertli^    ,  i  •  i 

or  porpciKlkuUr  fiMiim;  tf,  otdpital  lolio,  u\  rt3,  Ut^T^r,  tlOnS  "H^bich 
iDiildle  mid  Irmut  fuMa  of  froutnl  cuuvoliitifnw  ;  J,  tuKtJudtuit  .v^ 
fnjiital,  imd  B,  Mccnclhig  pwluUI  cuiivwluttr^fia ;  A).  M,  *^«™P0Se  lUi- 
upjter,  middle  anrt  I'jwef  ft>JcU  tii  fiarluLol  coitvohiUutia  ;  tf',  Stlperior  aU'dc 
luwojT  fuilrl  uf  Dc«[|rltal  cunToUitluiui.  V  t        *      ^  i 

of  the  froiilal 
lobe.    Thfse  folds^  if  those  of  tho  two  hemispheres 
compared^  present,  as  wc  have  already  pointed  outj  a: 
olmoatr  perfect  s^Tiimctry,  euch  an  ia   never  exhibited 

by  normal  hrainR  of  the  Caucasian  race,  This 

legularity— this  symnietry,  iuvDlLintarily  recalls  the  re^i- 
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larity  and  syinTiieti'y  of  tlie  cerebral  convolutions  in  th© 
lower  species  of  animals.  There  is,  iu  this  respect, 
between  the  bmin  of  a  wliite  mac  and  tliut  of  this  Boh- 
j&sman  womati  a  dilferenee  such  thut  it  ennnot  be  mis- 
tttkeu  ;  and  if  it  be  constant,  as  there  is  every  reason  to 
suppose  it  is,  it  cnnatitutes  one  of  the  most  interesting 
facta  which  have  yet  been  noted," 

The  most  complete  description  we  at  present  possess, 
howeror,  of  the  Brain  of  a  representative  of  one  of  these 
lower  niCDs  Las  been  p'iven  by  Prof.  Marshall  in  his 
Memoir  on  the  brain  of  a  Tiuyhwoaian.*  The  organ  in 
this  Honth  African  woman  was  decidedly  small,  as  will 
hftve  been  feathered  from  what  has  been  said  in  regard 
to  it  in  the  last  Chapter  (p.  359),  Certain  portions  of 
Marshall's  descnption  are  hcr^  reproduced  in  bia  own 
words. 

General  Shape  of  the  Cerebrum.  When  Tiowed 
from  above,  the  linshwoman's  Cerebrnra,  like  her 
cranium,  presents  a  long  and  narrow  ovoid  form.  The 
line  of  greatest  width  correspouds  with  the  parietal  emi- 
Denoes,  and  is  placed  rather  far  back,  viz.^  at  two-thirds 
of  the  total  length  of  the  Cerebrnm  from  ita  anterior 
border,  so  that  one-third  only  is  behind  those  eminences. 
From  this  prominent  parietal  re^on  the  Certbrura 
slopes  or  falls  away  in  all  directions — veiy  suddenly  back* 
wards  and  rather  so  forwards  as  far  as  the  entrance  of  the 
Sylvian  fissure,  where,  like  the  fcetal  brain,  it  appears 
remarkably  constricted,  and  then  widens  again  a  little  at 
the  outer  angles  ot  the  frontal  region,  which  is  neverthe- 
less decidedly  narrow-  The  left  hemisphere,  aa  seen  from 
above,  is  "2  of  an  inch  lonrrer  than  the  right,  the  increase 
being  almost    entirely  behind.     This  relative  greater 


♦  ^TliiL  Trans;'  18<>K  p,  501. 
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length  t>f  ohe  hemispheiw  Lackwards  (usually  the  left, 
so  far  AH  I  have  obsen'ed)  is  reij  comroon  in  Eurapettn 

"  Viewed  laterally  the  parietal  regfion  is  Balient ;  the 
vertex  is  low  and  flatteDod,  ita  kigbest  ptiiDt  Leirig  placed 

far  back  ;  Ibe  fronUl 
region  is  stiallow.*' 
,  .  .  ,  The  tero- 
poml  lobo  is  narrow^ 
the  line  &om  its 
poiut  to  the  tip  of 
the  posterior  lobe 
being  verj"^  long  ;  ti:*: 
cunc  formed  by  the 
under  border  of  Ibo 
Cerebmm,  above 
the  Cerebellura.  is 
Bltgliter,  ADd  ita 
direction  more  ob- 
lique npwarda  aiid 
backwards  than  iu 
the  European  br&in, 
poet,  iu^tu,      M.r.,.uio  apparently 

F,  l-'mntal  luljjj  O,  «ccl|.Ital  lolw;  F,  pdrietal  tO  A  Wfttlt   Of  doWH- 
t(pi.iu  ;  fi,  rf,  fldnun  of  IloLuidn;  paricto-4cel|>lt&l 
QiMurii :      A,  rupr^^nnkr^nal  lobule,  it,  3,  MidillB.  junt 

o-^L'ciitlLnu;  poriutLil  cujiTijIiittrFn ;  (I.  iLn^tlii.T  c^rnfrtlu^ 
tioTl ;  I'D,  ]'>,  lifTptT,  iitid  I L,  II,  lowur  nwEjiEtiil  cmvolii' 
tluii.  (I,*,  firnt,  uud  S<  c»n[itH.MiQff  cuij<^c;iutiunA, 


Tvord  development 
of  the  occipital  re- 
gion wbifh  is  very 
Bhfillow  .  ,  .  .  the 
tips  of  the  temporal 
lobes  are  pointed  and  much  incurved  towards  the  middle 
line,  .  •  .  .  The  orbital  surfaces  are  especially  contracted, 
hut  have  a  square  or  haoaau  and  not  a  poinle<l  or  ape- 
like shape," 

Taken  as  a  whole  thin  hvaiu  of  the  Busliwoman^  when 
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compared  mih  that  of  the  EuropcAii,  was  found  to  be 
specially  defective  in  depth  and  vertical  height. 

Fissures,  Lobes,  and  Convt^lutiona  of  the  Cere- 
brum,  "  The  Ibsure  of  Sjlvius  in  the  liushwoman's 
braia  extends  well  backvvarda,  but  indiuea  more  upwards 
than  in  tho  European  brain,*  and  its  coura^  is  marked 
soou  after  its  cottimeuccmeiit  by  a  peculiar  horizontal 
stop  Its  iimrjiiis  are  uot  very  closely  adapted 


Pra.  latt—lliA  Brnlu  of  &  niLAhwoman,  btcnU  oiipcrt.  ({ToaUi,  uftor  Mar^nlL) 
LetttniindfljfurEflof  r^fcruniHiiin  part  da  Lu  List  ^iirc.  7;  tvuipvfnl  ;  e.  Mand  gf 
Bail;  t,  ir»  fitruo  of  S^IyIlu  :  1,  I»  lower  or  Uilrd  Irohifd  convolution ;  7,  7  ;  8,  ;  u,  mi^ 
thiett  tvnponJ.  movgluttoiu ;  /,  /,  out)  ff,  g,  inuuIIoI,  and  iu/ulor  tcTvponU  fljfrimiiM, 


togetber,  especially  opposite  the  binder  borJer  of  tbe 
frontal  lobe,  which  is  hero  very  defeoti^e.  The  fiasnre, 
indeed,  ia  so  patent,  that  without  any  separation  of  its 
margins,  a  portion  of  the  island  of  Keil  or  central  lobe  (C), 
though  small,  is  distinctly  visible.  This  conditiou  recalls 
to  luind  the  foetal  state  of  the  human  cerebrum  (fig.  128), 

♦  These  are  tnartca  of  low  development.  In  more  Tiigldy  developed 
brains  the  Sylvian  fissure  ia  shorter  as  well  oa  more  horizontal  in 
direction. 

}  ' 


S82 


TIIK  KXTEUNAL  TON f IGTRATION 


butf  m  far  as  I  am  aware,  is  not  present  id  an)'  ftdult 
quadruniaiious  Lniiu.  The  defect  in  the  froiitul  lobe 
explains  the  remarkable  constricted  form  of  the  Bush- 
woman's  brain,  already  mentioned  &8  existing  at  tliat 
point,  a  foim  which  we  may  perhaps  assume  is  a  charac- 
teristic of  the  Bosjes  brain,  as  it  is  wiuiiJly  present  in  ihc 
brain  of  the  ao-called  Hottentot  Venus,  Trvhere  it  has  also 
been  noticed  by  Gratiolet  as  a^fcntal  character." 


Fia.  l.'R".— Right  Ce*tiT3inil  neini*ij>hcru  nt  n  hcntchmnn,  atitur  luiiwct,  (TbirDrT. 

olilnl  or  t'Omponi]  lo\x;  S,  8}'hiiui  flsmire;  *S,  astimdiag  limb  of  SjIWan  fiau) 
(ur  'SitlciiM  prL:o0nCTiUU'  of  Kt-ker);  R,  flHKiirc  of  nolaiidit;  IP,  lutiHi-tMHcUl^ 
/*.  P.  pamllcl  finmnri.  1,  1,  1,  tnft^ilnr,  2,  3.  ?,  tnlddle,  and  S.  H,  H,  mptrit^ 
Jrnnhiil  qgn volution*  ;  4, 1,  OAciindjlnjr  fmnt**!,  nuA  6,  vct^dlnff  r>^etMl  conToin- 
tLoim;  nuier  purt  of  jKHtci-m-jwiiietAt  lubiilc  ;  fl.  A,  ntigiilAr  (fJ"**;  ^.  "?*  auperior, 
$,  8,  9,  tnlddlu,  aiid  I*,     B,  iiifori*.>r  tcnipiml  vonTolutiona;  10,  *iii>crtur,  II. 

MMotid.  thinl,  otid  ftiurti)  uinectc^it  or  tnit|{ing  cQuvolutiuut. 

The  fisBure  *if  EoUtndo  (fig.  136,  dy  d)  commences  about 
1 }  iiifhes  behiud  tho  tip  of  the  temporal  lobo.  **  It  ter- 
minatea  conhiderahly  beyond  the  middle  of  tho  long  axis 
of  the  cerobrum,  nenrly  as  far  back  as  the  line  of  greatea* 
width  of  that  organ  ;  so  that  it  passes  proportionally 
further  back  than  iu  tlie  Hotteutot  Venus,  or  indeed  than 
in  the  Euiopeun," 
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"  The  crUnml  perpetid'u'Hhtr  jhfiiti'es  (lip.  135,P)can  be 
traced  as  easily  as  irf  the  Hottentot  Venus  (fig.  134,  T'),  but 
are  soon  interrupted  by  the  oxterual  counectiiig  couvuUi- 
tions  (rt,  Towards  tho  sides  ihestj  fissures  arc  cer- 

tainly moro  easily  followed  than  in  tho  European — a  eir- 


Fia.  Vortdx  View  of  llin  BrmJn  of  a  Seolehtnnji,    (Aflor  Turticl-.) 

fr,  VronlM  Jubo;  far.  piriuial  lubo;  Oc,  txcipitot  luho;  S  F,  aupBri>fniuUl, 
/  y,  infuTO  lrdnlal  AMUt?;  A,  BHuns  ol  Tloljindo  ;  f  jPjDtru-parlatal,  Utd  /^0,pariut4- 
octtpiijO  fisfturo;  JS,  burizautal,  aiiid  S",  uecuwdlng  limb  of  tbc  Sylvian  Easuro 
J,  supra  maF^li&l  loljute.  1,  1,  Inferiur,  !f,  '2,  tciddle,  aUd  3,  3,  mil^Hor  frontU 
ctmTulutionfl.;  4,  4,  ajiLcEicliiig  Truntal,  uud  2,  ^,  litceiidLii^  paiictal  conToluticia ; 
;»■,  tMitcr,  miJ  5 luiwp  jiarT  of  postcro-pnri dIaJ  SoUilu ;  fi,  6,  aii^fulup  ennvutultLiu  ^ 
10,  ttificTiur  occlpittiL  convolution,    a,  a,  firfit,  and  p,  wcond  niiuttitcat  CfitiVQluUoti, 

cumBtance  which  impartB  a  lower  character  to  this  part  of 
the  Bot^jefl  brain ;  at  the  Bfime  lims  they  are  far  more 
interrupted  than  in  the  Chimpanzee  or  Orang-outau. 
These  short  external  perpendicular  fisfiures  join  as  usual 
ihe  summits  of  the  internal  perpendicular  ftssures,  and, 
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together  with  the  fisaiu*es  of  Rolando,  diTide  the  npper 
surface  of  the  Cercbnim  into  three  regions.'* 

Of  these  throe  regions,  when  measnreO.  longitudinally 
over  the  vertex,  the  parietnl  is  found  to  be  specially 
defective  in  the  Busbwoaian*s  brain,  siuce  iust^rfid  of 
Ltiing  equal  to  or  rather  lotifjer  than  the  occipital,  as  is 
commonly  the  cose  in  European  brains,  it  is  very  dis- 
tinctly shorter  than  this  latter  region. 

The paniUcl  Jismrc  (1B6,/,/)  on  the  outer  surface  of  the 


(AfU-r  Tiimrr) 

yr.  VraiitAi  /*»r,  jmrlctbl  \oho;  Or,  rxMrlpltal  Inbo;  T  S,  tomporml  lob*; 

/'  0,  lutuin  tl,  jicrjtctidlculAT,  or  |urii3to-fK»iplUl  Owure ;,  t.  i,  i»  oUJdwi-mjffgltul.  and 
I,  t  ciUcnrliw  fl»iura  ;  in,  ni.  duDLite  fliwiire ;  n,  it,  ooUjitera)  flmtm.  17.  17,  17, 
iitrir^nal  iN:m?oliit.1c>n  ;  It:,  IS,  cotivriiutlrin  of  corima  callDirum  ;  in%  qQ«drlUlef«l 
kihiilc ;  10,  IM,  nnctnnta  omvKiliitInn,  cif  whirli  111'  iM  ibo  * cmle-tivt,'  or  nuowvtA 
pitrt;  U\  ctiwut,  or  ocflplt^l  lubLdo;  0,  9,  limer  Iaca  of  Int^rUv  tempcttml  Ub- 
Volution 

temporal  lobe  in  **  more  tortuous  on  the  left  aide  than  in 
the  Hottentot  Tenus,  though  less  so  than  in  ordinary 
Kuropeau  brains," 

"The  intcrnttl  perpendicular  fsaurc  {^g,  ISd,  PO)  h 
m<iro  vertical  than  iu  the  European,  but  much  lees  so  than 
in  the  Chimpanzee — the  angle  formed  hy  this  fiseure  and  a 
base-line  drawn  throuph  ihe<  corpus  callosuni  being  in  the 
European         in  the  Hushwoman  115*,  and  iu  the  Cbim- 
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pjinzeo  9^J*.  As  iu  the  Europcftu  braiuj  Lowover,  this 
(issiire  joins  the  iissure  of  the  hippocampi  below  (fig.  139), 
whilst  iu  the  Quadra^ 
mixua  it  usually  Btf>ffl 
jiliort  of  that  tissuro/* 
We  caimot  foHow 
Prof.  Marshall  in  his 
inters' sting  and  de- 
tailed examination  of 
the  Tarious  convohi- 
tions  of  the  BhsIi- 
woman's  brain,  inclnd- 
iiig  his  eatiiniitioD  of 
the  def^ree  of  their  de- 
velopment in  relatiou 
to  those  of  the  Hot- 
tentot Venus  and  those 
of  the  ordinary  Euro- 
pean hrain ;  we  can 
only  re  prod  uco  aome 
of  his  most  intereating 
general  conclusious. 

All  the  primar)'  convo- 
lutiona  whicli  tiliould  Gxii^t 
in  the  hiimitn  cf^rebriiiu 
"are  present  in  the  Bush- 
wuman'a  limin ;  but,  as 
compared  with  the  tsame 
parts  in  the  ordinary 
European  ^jrain*  they  are 


Fio,  10,— View  of  the  Orbil  A  tutmlB.iind  of 
t]jd  Itland  of  ReiL   (Aftur  Ttiitivr.) 

Mufll  t>f  thfl  tomporil  lolx)  htLn  b?tn  remoTtid 
for  iho  inirtioM  of  dLafnUyiuff  thti  I/ilatid.  0„  Ol- 
InctLiry  ^lilqiu;  T  R,  Iflrikdi^lu  b.u1l'U»  ;  1",  jmik- 
tcrlftr,  1 ",  tbtmuO,  ami  l  "\  o^temtii  utmTolu. 
tton^  nf  the  Kfbitnl  Icbule :  C,  I»kci<i  of  Reil,  with 
iu  mdiiLttri^  cuikvolutiuua ;  1,  Uunler  eurfn«  of 
loftor  or  third  (roiifcul  convolution  ;  i,  u&der 
siirfiM  of  lijwer  oiJiJ  ef  ■scending  fronJal  cori- 
Tolution  :  Sounder aui-fiKeoIlowirr  end  of  parto- 
tftl  convolution  ;  17,  tnttrgUml  ctuivulution. 


smaller,  and  in  all  ca&ea 

wmiuch  Jess  complicated  as  to  he  far  more  easily  recognized  and 
diatingtijahed  araongst  each  other.  This  ct»mparative  almplicity 
of  tho  Bushwoman^a  brain  of  course,  an  indication  of  structural 
ififerioriitj,  and  indeed  renders  it  a  useful  aid  in  the  study  of 
the  more  comptejc  European  form.    On  contrasting  the  several 


S36 


rnK  EXTERNAL  CONI' JOURATION 


ri?gioii8  of  the  Cerebrum,  tlie  primary  convolutiona  of  the  upper 
frontal  ivrid  outer  paiietal  regions  art;,  on  the  whole,  th^  best  d«- 
Teloixnl;  those  of  t\m  middle  and  lower  frontal  regions^  the  te[n|M>ral 
retfioD,  the  central  lubes,  and  the  mner  BurPacG  the  neoct;  wbiUt 
thoAe  of  the  orbital  tmrface  and  ofmplia]  I6he  are  the  1«ast  de- 
veloped.'^ 

"Of  the  Connecting  ConvolutiODS.  thr>S8  highly  impoHant  and 
Big'nifcant  folds,  the  e:stenml  connecting  convQlutioQS  are.  in  com- 
parison with  thoRe  of  tl^e  European  brain^  still  more  roinarkably 
defectivG  than  the  primary  convolntiona.  All  four  of  theae  eon* 
Tolotions  are  present;  but  all  are  cbaracteristically  elinrt,  tiarrow, 
and  simple, instead  of  being  complex  and  oceapying  a  large  apafp; 
heocO»  thou>;h  th<?  es:t«raal  perpcndicnlar  fissure  i3  aoon  jilled  up, 
the  parietal  and  occipital  lobes  nre  more  eaaily  distinguishable  from 
one  another  than  in  the  European  brnin.  .  .  .  ,  The  ngmeroaa 
snlci  and  convolutioDBt  ^hich  bo  complicate  the  longer  ones  in  the 
J'luropean  bmins,  are  everywhere  decidedly  leaa  developed  in  the 
Buahwoman — bateai>ecially  ao  in  the  occipital  and  orbital  regiouj*, 
nn  the  Ix'nt  convoldtion,  and  on  the  external  connecting  contfolo- 
lions.    This  is  a  further  sign  of  structural  interiority/* 

CoiB  pared  with  that  of  the  Hottentot  Veuua,  the  Bttsh- 
woman's  brain  ia,  "in  nearly  all  cases  where  comparison 
is  possible,  a  little,  though  a  very  little,  more  advanced 
ftuil  c^juiples;  in  its  convi>lutional  development— ^ the  one 
exception  being  in  regard  to  Ibc  Bize  of  the  occipital  and 
external  connoctingconvolntioiia,  which  are  smaller  in  the 
Bnshwomaii,*'  But  the  resemblance  between  the  con- 
Yulutions  of  the  two  brntns  ift  very  closo^  whilst  the  sitn- 
plicity  of  tlieir  arrangement  ia  not  to  be  paralleled  or  even 
approached  in  normal  European  brains. 

It  remains  now  to  point  out  rather  more  fully  the 
nature  of  the  principal  differences  presented  by  the  brainB 
of  Europeans  when  contrasted  with  those  of  the  lower 
haman  iy]>ce  to  which  we  have  hitherto  been  referring* 
This,  however,  is  a  somewhat  difficult  task,  because  wide 
individual  differeuees^  relating  to  many  details  of  Btrnctore, 
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re  to  be  encountered  in  thh  ovgan  in  ditferent  EaropeanR. 
1  some  of  them  a  brain  is  to  be  met  witli  whifh  approxi- 
mates closely  as  Tegarda  size,  relative  dcvelopme-nt  of 


A,  A*  ucctidltk^g  frontal  conToliitlmi ;  r,  ftMUTU  uf  Kotcindo:  li,  D,  BA^eutliiig 
l»aHctal  conYoluti'iifit ;  h,  ft,  p^^ritUl  Mbul&;  b  ",  Bujinfii  mur^nnl  loUiIo ;  e,  c  ,  ftrst 
*'r  itppor  lemtJonLl  cnnvohiUon  ;  f,  perpondkiilju-  (or  purleto-occiiiLt*])  fisaun; ; 
'tr  ''  r       upper,  iiiMdle,  iind  ]o\s'E!r  itcclplbil  coDVolutlunB. 

iifforded  hy  tlie  brain  of  the  Biishwoman.  In  otbers,  the 
majority  of  cbariicters  arc  decidedly  lii^bor,  tbougb  in 
certain  parts  or  situntions  there  may  be  presented  now  one, 
now  another,  feature  of  a  lower  t}T>e.    All  sorts  of  grades 
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and  transitions  are,  in  fact,  freqaently  encountered,  so 
ibat  the  remarks  made  in  reference  to  this  part  of  oar  aob- 
jecl  must  be  suggostive  and  goneiul  nitbcr  tbaa  precisd 
and  particulnr. 

Looked  at  from  above,  the  shape  or  outline  of  the 
European  brain  varies  considerably.  The  niirrowed  and, 
as  it  wore^  cotnpressod  anterior  lobes  in  the  Bushwoman,  as 
well  as  the  narrow  taperiuj;^  ehapc  of  tbe  otJcipital  lobes, 
are  emineutly  foetal  cbaractenstica.  As  a  rule,  tbis 
contracted  condition  of  the  anterior  lobes  ia  absent  in 
tbe  European  brain,  and  in  some  specimens  the  shape  is 
80  broadly  oval  as  eveu  to  approach  the  circular  oatHoe,  a3 
in  that  of  the  Scotchman  reprefscuted  by  Turner  (fig.  138), 

Tliti  bntin  of  a  ''celebrated  naturalist"  figured  by  Rudolph 
"VVuyner  •  baa  itirich  the  Game  alino»t  circ:iil:ir  outline  when  ae«n 
frotn  above,  and  both  in  it  atiU  ia  tbe  brain  of  the  Sooltrbmnn 
already  refened  to,  the  po^^terior  extremity  constituted  the  broad 
end  of  the  ovaX,  Ou  th@  other  hand  tbe  bnun  of  tbe  gre&t  matbo' 
alician  and  Ofitrrhnomer  Gati<is  [fig<  141)  has,  wben  secin  from 
.ove.adisftinclly  elliptical  optlice— tbe  curve  of  tUo  aiiterii^r  hein^ 
nlmofit  ciactly  equal  to  that  of  the  pojjtcnorlobpA,  aad  the  gn'Btcst 
transverse  diameter  being  equidistant  from  both  E^truriiitics,  A 
similar  upi^fr  outline  is  to  be  seen  in  tbe  mtich  \esB  eluborateiy 
convolukd  brain  of  the  ortizan  ErebB,f  although  the  side  ticw  of 
tbia  same  bmiu^  when  com  pared  with  that  of  Gauas  {loo.  cit-,  tab, 
VI. ],  showa  it  to  bo  very  deficient  in  deptbi  both  ia  tha  frontal  and  in 
tilt)  parietwl  regions.  The  upper  outline  of  ihe  braia  of  the  philo- 
logist Hemiann,  likewise  depicted  by  Warier,  ia  also  nearly  elHp 
tiuab  the  jwBterior  being  very  aUghtlj  narrower  Ibnu  the  anterior 
extrfinity.  Its  widest  tr»nMverse  dianitter,  moreover,  is  Bitaiit<?d 
midway  between  its  two  ejstremitiea,  thong-h  this  region  conrspoodi 
\vil.b  th^  anprft-mnrfpnal  lobule  rather  thaa  with  tbe  lower  end  of 
the  tificcading  parietal  coavoUition,  as  ia  the  brain  of  Oanssandl  in 
that  of  the  artisan  Krcb».  Arefer^nc«  to  fig.  135  will  show  that 
the  brain  of  tbe  BuHhwoman  ia  also  widest  in  the  nittrntion  of 
the  very  promiaent  *  »ii|'ra-mttrgitial  lobuU'R,'  though  these  ar^ 

•  "  Voratudien,"  tub.  ij.       t  AVagner»  loc^  cit  tab.  ij.  fig.  4. 
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fonnd  to  be  tJiBtinctly  postenoi*  to  the  median  axis,  ■  The  brain  of 
the  ominent  itiathi^maticiaii  Diriclilet  ia  longer  aiul  broader  than 
either  of  thu  other;*  hgured  by  Wiig^er.  Ha  pasltrior  <*xtremity 
is  narri>wer  thnn  the  unierior,  and  even  notiibly  pointed.  Ita 
greMttst  bi-eaJtb  may  be  set'n  lo  bc^  only  hligbtly  pfOsltTior  to  ita 
median  axiSy  aaJ  to  correspond  wiUi  the  binder  part  of  the  ascend- 
ing parietal  convolution. 

Notablo  variations  arc  therefore  to  be  met  'with  in  the. 
shape  of  tLo  iirnin  ua  seen  from  above,  as  might  hard 
been  exported  from  g  consideration  of  the  diverse  sbnpea 
of  tbe  huniaii  Skull  in  difFcrent  races  and  mdividuala.  We 


Viti.  lis.— Qmtn  of  <3aiifla,  tbe  Co^obrated  Uitbcmntidan  and  AJtroflonuirj  fl(l« 

Tiew.    fVti^.  Jifti-r  If.  W(\|jiier.) 

F,  Frojitil  Mm  ;  i;  fkkrivlal  lobct  G,  orclpit^  Inbo  :  T.  tamprtmi  loltp;  ref©- 
K'Unm ;  Pc.  poiin  Viimlit ;  V  M,  inedutlii,  oblunffnU  ;  S»  S^  lvLaii  fltuturu ;  R,  bnaiMv^  nt 
Itnliuidn:  P  ihtaIIoI  Airttire.  o'.  Upper  fold  of  truutAl  eoii^-oliUion*  ;  o',  tuldila 
fold  of  frotitfkl  canraliitfoii* ;  a.*,  towcir  friM  of  ffutiUJ  cunvntutlonil.  A,  Anoeiidhig 
fnmtal  <or  iuitorltir  contmlj  cnnvaltUfoit  ;  jS,  jvKvcritlinff  pmicUl  ['.r  pialtriur  ccntTnl) 
conTclutti^ ;  b\  ^^  iii_>pcr,  middle,  and  lowur  (nl  Jw  (*r  jvurlofiiJ  CftliTitliilldliii ; 
c',  r*.  r».  ujTjiei-,  miridlo,  (*Dd  lower  ftd-l*  of  lempoml  cuuTmlnUiirtia;  iC,      tO,  uitpor, 

have  extreme  *  loii*j;'hmidfi,'  ami  extreme  *  I'oniid  headfi,' 
intersperBed  with  multitudes  of  iudividuals  wbose  crauml 
diameters  Eire  more  uenrlj  equal.     On  the  whole,  it  ia, 
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porhapFi,  most  frequeDtlj  found  that  tUe  greatest  breadth 
of  ihv.  briiiii  is  bebind  its  modian  transverse  axis,  arsd  tlia* 
its  po&torior  is  moro  bluntly  rotmdod  iLau  its  aiitcri 
extroTOity. 

Looked  at  from  tbe  side,  tbo  Brain  preaonts  certjjio 
obvioiiB  differences  'vvheii  we  compare  mch  simple  form 
ss  that  of  the  *  Hottentot  Yenua '  and  llie  Busbwomon, 
even  tbat  of  Krebs  tlio  artizan,  with  one  of  the  highly 
evulvcd  or^iind  pertuiniag  to  a  man  of  great  and  subU« 
intellect,  such  na  Gauss. 

One  of  the  moat  notable  cburacteristics  of  the  Braio 
of  Gauss  is  to  be  found  in  the  great  development  of  tbe 
Frontal  Lobes.  This  is  rendered  evident  by  tbe  fact  of 
their  comparntive  leiigth,  breadth  and  height,  and  also  by 
reason  of  the  extreme  complicacy  of  their  three  tiers  of 
convolutions  (fig-,  14^,  a\  a*,  a?).  Wagner  givea  a  fall-size 
rppresfintation  of  these  lobes,  viewed  from  tbe  front,  aod 
also,  for  comparison,  a  similar  view  of  tbe  frontal  lobes  of 
tbe  artizan  Kreba.  The  iliOorence  between  them  is  very 
iniirkcd. 

The  writer  bus  iu  his  possession  the  braiji  of  anotb 
celebrated  mathematician,  the  late  Professor  De  Morgan 
and  aIlhon;!;li  in  it  the  frontal  lobes  are  likewise  large  and 
well  developed,  their  convolutions  are  by  no  moonH  so  intri- 
cate as  in  tbat  of  Gauss*    But  in  tbe  brain  of  a  Jonmalist 
(formerly  a  Clergyman)  who  died  some  years  ago  in 
University  College  Hospital,  tbe  size  of  the  frontal  lobea 
is  dlHttnctly  greater,  and  the  intricacy  of  their  convolutiou 
altogether  remarkable^ — fully  equalling,  even  if  it  does, 
not  exceed,  tbat  met  with  in  tbe  brain  of  Gauss.  In  otb< 
regions  also  tbia  train,  of  &n  educated  though  not  diatla 
guished  man,  is  rutber  more  higbt}'  convoluted  than  th 
of  Bo  Morgan,  as  it  is  also  distinctly  heavier.    It  w 
preserved,  indeed,  both  because  it  was  the  brain  of  a  wdl 
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edacated  person  and  Lecause  it  presented  &  well-marked 
Goitipliciicj'  of  its  convoluUoiJS,  with  the  view  of  aubsc- 
*|uently  (^umparing  it  with  that  of  the  i-ecently-deceased 
MathenfiatR*iuu. 

In  both  these  brains,  as  well  as  in  that  of  Gaase,  the 
fissnres  of  Hulaudo  are  \ery  sinaous^  (i^^^g  the  oxiat- 
ence  of  luatiy  secondnry  foldings  of  the  asceudiug  fi-ontal 
aiid  parietu.!  couvoiutiuu^a.*    The  relative  ijositioii  o*'  these 


mb  tiair  ot  Fninhd  LuIdom  of  the  Dmlii  uf  a  Jiiii>liallBt,  «hnVi>i})g  tUo 
XpllCT^ry  *»r  itn  CuuvuUitiKii*.     ^Jwin^  to  nlfwlit  <s>«Hqiii)y  ^^i  (Mmjlloti, 
the  ri^t  Frontjvl  lyjlw  la  moru  fully  i^howu  tJitui  Ibo  kft^   (Amirv^tidy  dntwn  by 
V.  HcpTBiyy,  frt^m  u  pLutoyrapti.) 

fissures  was,  howeyer,  very  different  in  the  two  brains, 
and  in  that  of  the  JonrnaHst  the  distaDce  of  the  lower 
end  of  the  fii^Hure  of  Rolando  from  the  tip  of  the  temporal 
lobe  was  altogether  reraarkalde. 

A.S  a  conaeqiienee  rtppnroiitly  of  a  blindness  of  the 
ri^'ht  eyn,  datinf^  from  a  few  davi?  after  birth,  the  left 
Cerebral  Ilcnaisphero  of  De  ^^lorgan's  brain  wns  notably 

•  No  bridge-like  coBvolution  wm  to  be  seen  crossing  the  fisBnre 
of  Roknfio  in  cillier  briun.  On  the  right  aiJ^^  but  tiot  on  tlie  left, 
aitil  this  i>nly  in  tbt*  bruin  of  De  Morgan,  tbtj  fissure  of  Bolaado 
opened  into  the  fieeure  of  Sylvius- 
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Binidler  than  tbe  rigbt,  tbough  the  monsnrcmeuts  of  tbe 
org»D,  now  thatithiis  become  flnttenod  from  its  own  weight, 
aud  is  slightly  shrunk  in  consequence  of  its  preserrtttion 
in  epiritSj  do  nut  show  this  so  clearlj'  as  when  it  was  in 
the  frc&h  condition.*  Stall  even  now  the  left  heniispberfl 
IB  distinctly  smaller  than  tlio  ri^bt,  bath  in  length  and 
ill  breadth,  Tbe  occipital  lobes  are  as  nearly  eqnal  iu 
length  aa  ihey  can  be,  but  tho  left  internal  perpendicular 
fissure  (owing  to  the  smaller  size  of  tbe  frontal  and 
parietal  lobes)  now  lies  exactly  |  in*  iu  front  of  that  of  the 
right  hemisphGre.  Tho  left  occipital  lobe  is,  moreover, 
distinctly  nniTovrer  and  less  rounded  externally  than  that 
of  the  nght  side*  The  temporal  lobea  are  of  eqaal 
lenfjth,  but  iu  regard  to  relative  breadth  they  bare  beeu 
too  much  altered  by  pressure  to  enable  any  opinion  to  be 

*  This  bniiEi  was  removed  on  thi9  third  day  afU'r  deatU«  and  wat 
nnt  ill  a  good  condilioTi  for  pt^ervatlon.  The*  tiii^a3areQi«iit«  over 
tbe  rci-tex,  then  taken  with  grcut  caro  by  means  of  a  narrow  tape, 
were  iia  foUowH  : — 

Anterior  ostrrmlty  d[  Upper  Bod  of  Fljifuro  of  Vpiiwr  end  at  FerpendU, 
Froui;'J  Lolto  t<>  iii>]^r  ctid   Huljuido  tQ>  nppor  cud       culur  ('ivurv  to  pvctinittf, 

litcbcB.  lucbo«.  jACbML 

Beatdea  tho  apcdal  arrcBt  of  devt:Iopm£tit  met  wiih  in  tbe  left 
heiniaphcre,  tbe  bfstin  generally  wiia  distinctly  shrnnketi,  ^mrUy  from 
the  effect  "f  tige,  and  partly  from  JiBeaae  wUj^li  had  prrnluced  great 
and  geufraloiuuciatioD  during  tlio  last  twelve  monlhs  of  life.  Prof. 
De  Murg'an  was  ^vell  kno^vn  tu  have  bad  an  exceptionally  large bMd« 
HO  timt  bad  it  not  been  for  age  and  ibc  wasting ubove-mentioDeJ  UU 
brain  would  prnbidjly  have  weighed  much  more  than  it  did.  vi*, 
5li3o».  The  writer  Pound  tlie  iiieu&nreinentB  of  Prof,  Dc  MargftiiV 
bead  (ftlrnoat  free  from  hair)  to  be  as  fullowa  : — CireDmfL'reneck. 
24^  id.;  lotigittidinul  iiiei.sprementoTer  vertex  (root  of  itoae  tw  ooci- 
pital  protuberance),  loj  in.;  traoBverse  mcHauwinieiit  ovor  Tert*.*C 
^from  cxternu]  auditory  meatus  to  ita  fellow  of  oppc^vito  sidc)r  16^ia. 
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formed.  Tlie  dimiDution  in  generul  size  of  the  frontal 
und  parietal  lobes  is  still  very  obvious,  both  in  breadth  aa 
well  as  in  length;  though  it  is  not  a  diminution  localised 
in  any  pnHicular  parts  of  these  lobes.  Nor  is  there  any 
Bpprt^ciable  difference  observable  in  tho  convolutionaL  de- 
lopment  of  any  part  of  ths  hcmisphGrOj  aa  compared 
with  thttt  of  the  opposite  side.  The  region  of  the  *  supra- 
murginal  lobulo  '  and  of  tha  '  angular  gyrus  '  eeema  cer- 
tainly to  be  just  as  well  developed  on  the  left  as  it  i3 
on  the  right  side,  though  these  are  the  couvolutioDS  which, 
according  to  Ferrier,  are  to  be  regarded  as  the  principal 
Bite  of  thfl  '  Visual  Centre.' 

Kxccpt  for  the  degenerated  condition  and  wasted 
ppearancc  of  the  right  optic  nerve  and  the  corresponding 
Wb 'optic  tract,'  there  ia  nothing  to  be  dificovered  which  can 
possibly  account  for  the  smnller  size  and  stunted  develop- 
ment of  the  left  Hemisphere.  The  anterior  of  the  qiiadri- 
minal  bodies  on  the  left  Bide  ts  slightly  less  prominent 
than  that  of  the  right  side,  and  it  ia  alf^o  slightly  different 
in  colour  :  but  it  was  not  examined  previous  to  theimmer* 
on  of  the  Brain  in  spirits  of  wino.  The  Cerebellum  seems 
to  he  quite  symmetrieal ;  its  right  and  left  halves  present- 
ing the  same  measurements.  And,  in  regard  to  thia 
point,  it  is  important  to  observe  here  that  Prof.  De  Mor- 
gan had  never  suffered  from  any  paralytic  conrlition  or 
alfoction  of  motility^  so  that  my  first  impression  that  there 
ought  to  have  been  an  associated  atrophy  of  the  opposite 
atenil  lobe  of  the  Cerebellum  (as  in  many  ease9  of  atrophy 
'of  one  Cerebral  Hemisphere)  was  seen,  on  further  con- 
sideration, not  to  he  well-grounded*  We  may  rii^htfully  look 
for  this  in  instances  of  atrophy  of  one  Cerebral  Hemisphere 
associated  with  unilateral  motor  Paralysis,  but  not  in  cases 
here  the  latter  condition  is  absent,  and  in  which  one 
f  the  Ilemisphercs  seems  to  be  imperfectly  developed 
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merely  from  the  fuct  of  its  liaviiig  lacked  the  stimnlt 
which  oiijLfht  lo  hare  tsame  to  it  throagh  no  all-irnportftni 
ecnse  like  that  of  ^i^ht,  This  a  Jistincttou  importaut 
to  be  bornu  in  mind. 

Sotue  moasurutuents  have  hecu  mudo  of  this  vciy  un- 
nymmetrical  Brain  of  the  celebrated  Miithematician  (whose 
mental  powers  were  so  great  iioti^'ithstanding  the  inctjualitj 
of  its  Hemispheres),  and  they  have  been  placed  side  by 
side  with  figures  obtained  from  other  similar  rneaHureraentB 
of  the  well-evolved  brain  of  the  odm!ated  but  coraparativel 
obscure  JoLirnalist.  The  wei^jhl  of  this  latter  brain  was 
56oz.,  so  that  it  would  have  taken  a  high  place  if  it  bti4 
been  incorporated  with  the  talde  on  S70<  It  will  he  ol>- 
served  that  the  left,  as  is  frequently  the  case  (see  fig.  135), 
is  slightly  but  distinctly  longor  than  the  right  Hetnisph^rd 

CoMPARATiVK  MEiSuanHK.sTs  or  Two  Braixs. 
ATitenr>r   BxtrcmitT    of      U)ip«readaf  Ptuiiro  at     Upper  end  r>t  Purpena 

FTnnUil  Loix- III  Hi'ticrend  ijf  Rntqndo  (n  llmiLl-  pjid  *.if  dii-nliir  Fl'wiru  U>  tft<te 
||'i^JlDroo^  Jt<:<^iiud4i.  PorpuJlditulur  FifdurQ.         Ieni»r  CKtr«U)|ty ulCXwiut* 

De  Morgan        5  2  2 

!L.  S4  25  21 

R-  ^  2jf  SA 

Ttpof  T^ntipoml  Lobo      Lowrr  end   at      Tip  nf  TetnririnLl      Tntd  ol 
|ji  Hmwl't  L'uii  gf  Ki«iti,iire  FiMiire4i»r  UnUndi)  l4>l<clo  Dttd  at  KLk-  t-f  Vylrlu*  U> 

vf  KuLtlniui,  K»  iijifMir   LMirt   of    wire  wf  Syiriitn,        ond    of  Ivr 
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Another  ualaljlo  ditrt*r<.'iR'c  often  nit't  willi  in  Europea 
brains  of  hii(ber  type,  serriug  to  separate  them  from  snelt 
organs  as  that  of  tho  UotUntot  VenuB  (fig.  193),  lica 
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in  the  eliorlneea  of  the  Svlviiiri  Fissuie.  It  may 
scarcely  rencli  half  way  buck  to  the  upper  end  of  the 

*  perpendicular  fissure/  and  maybe  separated  thei-efrom 
by  sevcrnl  convolutions  instcnd  of  only  by  the  descending 
limb  of  the  '  angular  gyrus/  as  is  the  case  in  the  Ghim- 
]tanzoe ;  or  by  this  convolution  together  with  the  upper 

*  bridging  convohatiou/  as  in  the  two  South  African 
woraen. 

The  SjlTiiiii  FiaauL'e  id  most  elongated  in  dome  of  tho  Quadra^ 
maua  sucli  as  ihe  Howler  (p.  2i>J)»  and  also  in  tho  bralnia  of  tto 
S^imiri  ilepicteil  by  GrftLiolot,*  in  each  of  which  it  ertcnJa  baek 
almost  to  the  '  great  longitrnlinal  tisflure,'  It  ia  only  Bh|^htly  leaa 
elongated  in  the  Squirrel  Monkey,  the  Maciique  and  other  allied 
forma  (figs.  105*100);  and  is  eirnilurly  long  even  ia  the  Chiiapan- 
zee.f  It  has  been  alrcaJy  pointed  out  (p.  34-5)  that  the  length  of 
the  Ttimporal  Lob^*  and  the  extent  of  the  posterior  prolongation 
of  the  fiaaiire  of  Sjlviua,  are  also  uotahle  cbaract^riatios  of  the 
liaraau  f(t?tal  brain.  *V\iiA  feature  ia  well  shown  ta  Graliolot's  i^gure 
of  the  brain  of  a  fcotLua  of  abont  6\  monlha.^ 

This  8iDiia.n  and  fijotal  characteristic  of  the  organ  reveals  itself 
also  even  in  the  ftdult  condition  of  tome  of  the  lower  types  of  tin* 
Human  Brain.  It  is  seen,  for  lastance,  inthe  Hottentot  VenuB  (fig. 
1^3)  and  lo  a  less  cxteat  in  the  flnah woman  (fig^  136);  also  in  the 
brain  of  the  criminal  Fiesciu  (of  'infernal  machine*  notoriety) 
as  depicted  hy  GratioIet,§  and  in  that  of  tho  artizaa  Krebs  as  repre* 
aenled  bj  WagntrJ]  la  Leuret  and  Gratiolet*a  figure  of  the  brain  of 
a  '  Charruaa  *  ^Pl.  xix.  6g.  1),  however^  thongh  it  preaenta  in  other 
r^pectB  many  infantile  characters,  we  find  the  fifsnre  of  SjlviuB 
vety  short,  just  as  it  exists  in  some  of  the  best  dfvt-loped  haman 
bruiQB,  e,^,  that  of  Ciauaa,  and  Hlill  more  notsLbly  in  that  of  U^) 
Morgao,  na  well  ag  in  the  Journalist  above  referred  to.  In  both  of 
thei^a  latter  brains  more  thaw  one-half  of  the  Sylvian  FisAure,  as 
it  exlits  in  Bome  of  the  QuadrtiTnaaa,  has  bo -'n  oblilerutcd— Rince 

*    Atiat.  Comp.  du  Sjst  Nerv./'  PL  xx\x.  i3gB.  11  and  12. 

t  Gmtiolet,  loc.  cit,  PL  jxiv,  tig.  6t 

j  Idem.  PI  Titx.  fig.  2. 

§  PI.  iiij.  fig,  2. 

II  **  VorHtndien/*  tub.  ti.  fig.  3. 
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th$  measurements  of  theat  braiui  from  the  upper  end  of 
'perpendicular  Fiaaure '  across  the  parietal  lobe  to  the  posterior 
extremity  of  ilie  Sjlviau  Fissure,  are  jnwt  e^jual  to  the  iDeusurc- 
n^entfi  from  the  latter  point  even  as  far  m  the  tip  of  the  correspond- 
ing Temporal  Lobe. 

Thia  progrGseive  ahorlening  of  the  Sylvian  Fia&^r*  appears  not 
to  htive  beeu  diatitictly  pointed  oat  bet'ora.  Yet  it  would  seem 
to  be  a  change  of  preciady  the  same  order  as  that  which  leada  id 
the  progressive  obliteration  of  the  *erternal  perpend iculiLr  Fia- 
sure,*  to  which  much  uttentioii  has  been  gireo  by  eioatomUtd. 

The  aboTe-mentioiied  ehorlDess  of  tlie  Sylvian  Fissure 
in  the  more  hiofLly  evolved  braina  tonda  to  conft^r  " 
correspondifig'  shortncas  upon  tbe  Temporal  I^obe.  Tba 
proportional  breadth  of  this  segment  of  the  brain  is  also 
decidedly  diminished  in  the  brain  of  Gauss.  The  broa^ 
tiimpk  convolutiouH  of  tho  Temporal  Li»be  iu  the  Hcttcn' 
tot  Venus  (fig.  133)  conlnist  notably  with  the  much  moro 
complex  correspoiKling  gyi-i  in  tlie  braiuB  of  the  two 
Mathematicians  asivell  as  in  that  of  the  Journalist,* 

The  Occipital  Lobe  has  a  much  greater  depth  in  tb 
braitm  of  Gauas,  Do  Morgan  and  of  the  Journalist,  than 
is  to  be  met  with  iu  the  lower  Lmiian  lypea  previously 
desenbed*  Consequetitly  in  them  the  iufcnor-posterior 
Imi'der  of  tho  Cerebral  Hemisphere,  as  it  extends  along 
the  side  of  the  Cerebelhim,  is  much  more  nearly  horizon- 
tal than  it  ia  in  either  of  the  two  African  ^Yomen*  In 
these  hitter,  however,  an  advance  of  the  same  kind  is  to 
bo  met  with  in  comparison  with  what  obtains  in  tho  Cere- 
bral Hemisplieros  of  tho  great  *  man-like '  Apes  (p.  296)- 

*  In  the  bruin  of  the  GJ  mouth  Faitas,  and  iu  that  of  Vit»chi 
represented  by  Gratiolet  (loc.  cit.,  PL  lU.  fig.  2,  and  PU  xij.  fig.  2) 
tho  Tcni]>orid  LoheB  are  both  long  and  broad,  whilst  in  thtit  of  the 
new-born  Tnfiint  (PI.  ixj,  fig-  3),  tind  in  ihn  brain  of  the  *  Charrua*' 
(PI.  xix.  fig.  1),  thia  «ume  Lobe  though  Bhort  i»  still  extt«fn«Ir 
broud. 
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III  tbc  liigLcr  forms  of  llie  Human  JJraiii— an  in  Uiose  of 
OftUss  and  Be  Mar«,'an,  aiid  also  in  the  Joaruftlist — the 
Teinprtral  and  Occipital  Labea  of  each  Ileniifipliero  together 
bear  ft  much  Hmaller  propartion  to  the  maaa  of  brain- 


I,  I,  Gnot  long^tuiiiua,!  Baauro ;  'J,  cjuvulutlon^  t>f  uud^r  Euj-fjuK  of  frontal 

lubo:  S.  3.  S,  peiAutigntkiti  to  h»xo  ot  the  fiBBOta  of  H^IvIua;  4,  4',  V.  uubVoliltf<,n« 
of  ttj«  toDipcinil  lobe  S,  ^\  oocipltul  lolw  \  i1,  luiteflur  p^tatniilc  of  itiedulLi  ;  puH- 
lcT>UT  QXlremitj'  tjf  tutiflJAb  1oli>«  of  ccrisLitllum  ;  7,  6.  D,  lu,  lul/tiJtfii  of  thti  lAUml  loba 
of  lha  cercbelJijtii.  I-UC.  Cr.iniiil  iicrtee*.  !\\\  bqt  tliP  firit  mtins  fully  iton  in  next 
fltfuro.   Tlifi  ulaiti  aerrv  of  Uib  rl^lit  bldt  Im*  Imch  nsmuTcd.    X.  tint  Mniul 

hubstance  coiiiprisoil  in  the  Frontal  and  Parietal  Loliea 
than  if*  the  chho  in  brains  of  a  lower  tjpe.  In  the  lower 
Qu&druuiana,  also,  the  Temporo-Occipital  segment  of  the 
18 
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Hemispheie,  ijisUad  of  being  much  le8S»  is  nbont  cr^aal  to, 
or  it  may  be  of  even  ali^btly  grenter  Imlk  than,  the  am 
joined  Fronto-Pmictitl  Bi^giiient.  Thus  the  proportion 
met  with  iu  the  lower  human  types  are,  as  it  were,  in 

toTUcdiate    between  tbi> 
wLich  obtain  iu  tbe  high 
human  types  on  the  o 
haml  end  in  the  Quatb*!)- 
maiia  on  the  other. 

The  diminution  in  si 
of  the  Temporo- Occipital 
segment  in  the  brain  of 
Loman  beinga  generally,  i 
porhnps  more  apparent  ILa 
real.  The  very  great  in- 
crouBO  in  the  size  of  the 
Frontal  and  of  the  Parietal 
re^ons  ifl,  at  least  in  part, 
another  means  of  ace ountiug 
for  the  altered  proportion. 
It  in  certain,  indeed^  that 
the  convolutions  of  the  Te^ 
poral  Lohea  tend  to  beoon 
moro  complex  in  higher 
human  hrainB,  and  It  is 
equally  certain  that  tLero 
is  also  a  tendency  to  i 
actual  increase  in  the  si 
of  tho  Occipital  Lobes.  In 
tho  more  hii^hly  evolved 
brain  H  tlieso  Lobes  beeonie 
deeper  and  also  fuller  and 
more  ruuiiJinh  'I  huro  is,  moreover,  a  notitbk  increase  i 
tlio  comph^sity  of  tho  Occipital  Convolutions. 


Pip,  lis.  -  t'iiiUr  ??iir|iL-'v  i'f  (."ero^jml 

Podnihclfi,  IViin^  mill  UvfiiiillH,  bIwwIii^ 
GoniwctloiiM  of  Una  CmalaJ  Kt^i-vei,  (iinjt- 
pey,  bfter  mmclifuM.) 

I,  lufiiurUliiLliiui  i,<r  plhiltAiy  Iwtlj ; 
!,  part  ciI  fioi.>r  of  ttiird  vtiitrlcla ;  8,  cof' 
poru  tnninilliirLi;  4.  ccrclinil  |)udMnc1i's; 
a,  puns ;  fl,  ('jilic  nerTtst,  er-n«iiig  in  tbo 
mlddla  lino  m  to  fnmi  ihu  chiunmut", 
7,  «omTiiun  mHrtur  ntTvos  of  aysWI ; 
B,  nntviiH   juitlmttcuH ;    9,  tH^onilnus; 

10,  etteruftl  ociilanicrve;  11,  tucUd  ncrro; 
12,  nuditory  ji^ftva  ;  13,  ncrro  of  Wrubcrif  ; 

11,  i^kiwukpharjngeiil  perre;  la,  va^w  or 

17*  bfpo|{l<  Mnl  nrrva  (cut  ftwny  od  od« 
■tilo). 
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•  3Qie  lattci'  is  a  point  of  conBiJcmLlo  importance^  and 
ttdt  always  stiilitjientlj  borue  iu  mind  by  those  who  h&Td 
dwelt  upon  the  large  ^W.o  of  the  Occipital  Lobes  in 
main'  of  the  Quiuh-iimana.  If  these  pai'ta  Gcem  to  he 
relatively  sraalbr  in  JIau,  it  must  not  bo  forgotlen  that  iu 
Moukoys  and  in  Apes  their  Burfacca  aro  smooth  and  com- 
paratively uncortvohited,  whilst  iu  Mau,  in  propoition  to 
their  aiKc^tho  area  of  superficial  grey  matter  on  the  Oi^ipital 
Lobes  becomes  en- 
ormonaly  increased 
by  reason  of  the 
nnmher  and  depth 
of  their  surface-fold- 
ings. 

Thus  we  find  in 
the  Brain  of  Man 
not  so  much  new 
parts  or  regions,  as 
an  enormous  deve- 
lopment of  pro- 
esdsting  parts  and 
rer*ions.  Again »  the 
degree  of  mch  in- 
creased development  vta.  i4S,-Sflot(tm  lhrmi«h  tbfl  left  Ooeipltal 
is      bv      no     means   ^  "  BvaUh  ■  Jihowiug  the  iautdW  uj(t  deijUl 

cveryxvherethesame. 

These  are  both  of  tUem  fftcts  of  great  significance  from  a 
psychological  point    of   view — and  espeeially  from  the 

^  point  of  view  of  that  Psycbolofjy  which  has  its  roots 

Hk  the  general  PhiIaso]^hy  of  Kvolution. 

One  of  the  most  notahln  peculiarities  of  the  Human 
Cerebrum  that,  iu  varionaways,  its  Iwu  HumiaphereH  aro 
not  quite  symmetrically  developed, 
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(1,)  Thoagh  tbo  situntion  of  tlie  *  primary  *  Fissares 
18  stibj«ct  to  little  yariation  in  the  two  Homispheros, 
Btill  in  the  more  lii*i:lily  convoIutoJ  Brains  mnny  of  tbo 
separate  Convolutions  are  apt  to  present  differences  in  the 
number  and  arrangement  of  their  minor  folds  or  indcnta- 
tions,  ITonce  alight  differences  in  the  appearaoce  of 
corresponding  Convolutions  on  the  two  fiides  of  the  brain 
are  occasionally  to  be  met  with ;  although  in  different 
individuBU  the  regions  in  which  dissimilaritj  is  most 
raarked  are  Ij  no  means  noce&sarlly  the  same,  nor  is 
the  greatest  complexity  always  to  be  found  on  the  same 
Hemisphere  in  these  different  regions* 

Much  more  has  yet  to  be  learned  in  regard  to  tltese 
points,  but  the  broad  conclusion  is  thoroughly  warranted 
that  this  asymmetrical  development  of  tho  conralutiona  is 
only  a  Httle  more  marked  in  the  lower  Human  Races  than 
it  ia  amongst  the  higher  Apea^  and  that  it  becomes  dis- 
tinctly most  marked  in  tho  more  highly  eouvolated  brains 
pertaining  to  representiLtivea  of  the  higher  or  mora 
civilized  Human  Eaces, 

(*2-)  It  has  been  noted  by  rarious  anatomista  that  the 
left  Hemisphere  is  veiy  frequently  slightly  longer  than  its 
fellow,  BO  that  the  tip  of  the  left  Occipital  Lobe  ia  apt  to 
project  distuictly  behind  that  of  the  right  side* 

(B.)  The  writer  noticed  about  fifteen  years  ago  that  ftJ 
distinct  difference  in  the  shape  of  the  tips  of  the  Occipi- 
tal Lobes  frequently  ejdsts* — that  of  the  left  side  being 
generally  tapering  and  rudely  conical »  whilst  the  right  id 
often  rather  flattened  at  the  end  iind  has  at  its  inner  border 
ft  groove- like  depression  about  .^Lh  of  an  inch  in  diameter 
(fig.  147).  The  direction  of  the  groove  from  below  up- 
^ardSj  is  also  inwards  and  forwards. 

•  And  Butiietjtipntly  called  utteation  to  it  in  "Traaa.  of  Putholog. 
BiKS.,"  m\\  vol  XX.  p.  4. 
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In  a  ];u-ge  proportion  of  bmins,  and,  (is  it  would  seem, 
especiitlly  iu  thane  of  Womeu,  tliis  conforuirttion  of  the 
tight  Occipital  Lobe  exists  to  a  well-miirked  extent.  In 
others,  it  is  only  sUghtly  marked  ;  whilst  on  rare  oiicasiona 
n  moi'G  or  leas  oLvious  groove  exists  on  each  side.  In  a 
ill  Kmalbr  numbei'  of  cases  a  groove  is  met  with  at 
the  tip  of  the  left  iuskead  of  tho  right  Occipital  Lobe,  or 
it  may  be  ub^ent  on  both  Bides." 

'  The  Occipital  Convoliitions  in  the  sitaation  of  the 
groove  arti  distinctly  dopresaed,  but  no  projection  from  the 
inner  snrracQ  of  tho  skull  or  thickening  of  tho  merabranes 
has  ever  been  met  with  which  could  account  for  its  forma- 
tion. Of  late  the  writer  has  adopted  the  view  that  this 
'  occipital  groove  ^  is  due  to  the  pressure  exerted  by  tho 
sterior  extremity  of  the  longitudinal  ainua  and  the  right 
side  of  the  *  torcnlar  Herophili  *  or  meeting-poirit  of  the 
venoua  sinuses  (tig.  1 4H).  Why  the  pressure  should  be  raoro 


'  *  In  thirty-five  conaerutivo  poat-mortem  oxatninatioha  the  con- 
ditrnn  oi  tlio  Occipitiil  Lobes  has  been  noted,  partly  by  myt^elf  iiiid 
partly  by  Mr.  J,  T.  Gadsby  or  Mr.  C.  Beevor— niy  late  able 
'aaaiBtants'  at  University  Colkge  Hospital — with  the  view  of 
fi,0certaihing  the  rtlative  fre^juency  of  theso  different  conditions. 
Tiie  resalU  are  eraboJied  in  the  following  Tables : — 


Tabu  1. 


Tutnl. 

23 

4 

1 


20  ir. 


T.UILE  II, 


3 
2 
1 

0 


H. 
1 

8 
10 
1 


20  15 


la  Tal<!o  11.  under  '  DpjLj-i'i'e/  the  figure  3  tfijLrnifiea  thiit  the 
^TQore  was  '  very  well  marked';  2,  that  it  was  '  moderately  well 
marked  ' ;  and  1,  that  it  was  only  '  slightly  marked.* 
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on  the  riglit  side  than  ou  the  left  is  by  no  rooaos  cWr. 
It  m];^ht  porhaps  ha  occasioned  the  sli^^btly  int*rraso4 
k'tigth  of  the  k'ft  Hemisphere,  pressing  baclvwards  against! 
the  left  side  of  the  *  torcular/  and  ro  divcrttiifj  a  largpr 
ciirreiit  of  tlio  Llotid  llowiiJ|^  ulong  tlio  langitiuluwl  sinna 
towards  the  ri^^ht.  It  has  been  loii<^  know^l,  iiuWd^  that 
the  groove  ia  the  occipitnl}>oiio  for  the  right  'htterul  gitms* 
is  often  distinctly  braader  than  that  for  the  left  sinos,* — 


Fin  147. --View  fyf  Ot'cipUHl  l^ittcn  Ahrl  of  ('crcl>ullnni  TroTii  b^tdittl,  aliDttlnf  Qrt 
*  Octljiftnl  Onjni-p'  at  tb«  lip  qf  Uie  riuht  JlcmtsnLore,     (FnMU  ■  <tniy1ny 
V.  Hifr^U-y  )    1.  Tba  Orv«ra;  !i„       Evtcnuil  Ptiquciidlcular  Fiuuro,    C.  0.  T 

CcrcU'lluui. 

thus  conclusively  ehowin^  that  in  all  such  cases,  at  least, 
the  larger  blood  current  is  accustomed  to  pass  away  from 
the  cranium  alon-x  this  siile. 

(-1.)  Tho  k'ft  Ilomisjdiero  was  said  by  Dr,  Boyd  to  l>o 
f((?noraI]y  hcnvior  than  the  right  by  nearly  half  an  ounce. 
This,  however,  has  been  queationGd  by  Bomo  investigators, 

♦  See  n^.  23  of  Gray'e  "Anatomy"  Edu.),  whcro  ibia 

coudtUoD  u  well  repr«eeQted. 
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and  actually  denied  by  others  to  be  a  usual  condition. 
Some  of  tlie  lalier  even  affirm  that  iLon^li  a  LlifiTorence 
often  exists,  tho  saporiority  in  weight  is  most  comuaonly  in 
favour  of  the  right  rather  than  the  left  Ilemi!S])h(.re,  This 
point  cannot,  perhaps,  bo  *lelinitoly  dooitU'd  for  thi!  present. 
It  is  obviouti  that  very  great  care  is  iiredcJ  in  making 
the  sectionH  throngh  tlie  ^ 
'  cerebral  peJnnclea  * 
and  'eorpna  callosum/ 
pTeparatary  to  such 
comparatlvi^  weighings 
of  the  two  C  oreb  ra  1 
Hemiapherea^  and  also 
that  the  weighiiij^B 
themselves  require  to  bt* 
made  with  the  fjroatest 
care, 

(5.)  The  writer  many 
years  ago  ascertained 
that  the  epecific  gri^ity 
of  the  Grey  Matter 
from  the  frontal  parieiiil 
and  occipital  Convolu- 
tions,  respectively,   ia    y,^^  U8.-po*tcrini-  rifl^mmnutrc  view  of 

often  ftlirfhtly  hlfrher  on    Hum  Wntcr  wUli  Arc^l  Vounu*  J^lmiM^,  (T«dfl.) 

*        "  The  lyistorluf  iMntioU  of  liicr  Cnmlnm  Wnl  lb« 

the  left  than  it 

the  right  Hemisphere,        , .t,,,,^^^^  „„,ophiii/ vvL.n. 

though     such    Bllperior   lutiluftl  fwi<l  o*3clpltAl  «iini«>*  m-i-t,  uud  wbeuw 

density  does  not  neces- 
sarily exist  in  each  of  these  regions  in  the  same  indivi' 
dnah  •  This  unospccted  result  frequently,  thotiph  not 
Invariably,  ehowed  itself,  even  where  every  care  was  taken 
to  gel  rid  of  sources  of  fallacy.  Further  observations  are, 
*  S«Q  "  Joortiat  of  Mental  Science,'*  January,  18U6,  p.  495. 
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however,  olso  needed  in  regard  to  this  subj«»ct,  and  otlic 
convolutions  tlian  those  above  named  should  be  simiWIj? 
tested.* 

^6  Cerebellum  and  its  Lobes. 

The  Cerebellum  or  *  little  Brain/  in  the  erect  posi- 
tion of  the  body,  ia  sitTiiitL'il  behind  and  above  tht  *  pons' 
and  Medulla  {^g.  13*2),  and  lies  in  a  posterior  hoUow  of  Uie 
bUuH  beneath  the  Om|utaI  Lobes,  from  which  it  is  sepa- 
rated merely  b}^  a  membniuous  pArtitian.  This  menibrabe, 
named  the  *  tentorium,'  is  an  internal  horizontJil  prolonga- 
tion from  the  'dura  muter  ; '  the  Occipital  Lobes  lio  on  it 
abovGj  while  the  upper  Burfuce  of  the  Ccrcbelluni  h  in 
contact  with  it  below* 

The  relative  w^eight  of  the  Cerebellum  as  compared 
with  the  Cerebrum  has  already  been  referred  to,  and  also 
the  fact  of  the  great  and  progreA^ive  development  of  the 
'lateral  loberf'  of  this  organ  in  the  Quudrnmana,  and 
even  more  markedly  in  Man,  as  compared  witb  that  of  th« 
'  middle  lol)e  * — which  in  him  becomes  a  relatively  dimintL- 
tive  Htructure. 

No  detailed  reference  to  the  relative  development  of 
the  several  parts  of  the  Cerebellum  will  here  be  made, 
though  the  names  of  these  parts  may  be  ascertaioed  by 
tbe  reader  who  will  carefully  study  figs*  149  and  100,  and 
the  references  thereto.  The  comparative  study  of  the 
partfl  of  the  Cerebellum  baa  not,  indeed,  receiv(?d  tbul 
amount  of  attention  from  workers  generally  which  has 
been  bestowed  apon  the  Cerebrum  ;  and  even  if  it  had 

*  An  iacrcaaed  namher  of  *  intere&llular  processea '  and  fine*  com* 
luissural  fibres*  williiii  the  Gr^y  Mattel'  (niakin^  tbia  mattrr  np« 
proximate  more  iti  chariictcr  to  the  danfif^r  *  white  aubnUiiiCiti  aii^U 
be  causea  of  lucb  aligbtly  lacreaBcd  np^Kt^c  gravity. 
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been  othci'iviae,  the  altogether  subor/tiuatQ  importance 
of  this  oigrtii  ill  legiivil  to  Mind  vvoukl  quite  justify  us  iu 
dealing  much  mora  brieflj?  with  ita  external  anatomy.* 
The  whole  external  siivface  of  the  Cerebellum  is  Bcoi'ed 
a  very  large  number  of  *  lis^nres/  j^ome  of  which  are 


Pio.  HD,"Utjp^r  BiirfacB  ot  the  CordtllitTn.  (f?ai.rc)-,  uftcr  IltiauLfeld.)  1, 1^ 
Superior  'vorini/QirTO piwesa'  (mid'llo  Wret  iLn!"riifrfxtruraity  tn*  Itot-n  piiihcd 

btokwanla  in  order  to  nhovr  iho  iUirpor.i  yiiiblrit'>>[nlu.T, ;  "i,  prrstflilor  estretuity  uf 
Lb*  (.u]HiriuT  stad  iufflriuir  *  ronutfurtii  prui  l^.^h^,'         of  tha  tnodizLn  Aaeute  vt  ths 

CervbelluTO ;  X,  ^Tvtit  circuniferoatial  i^H^nrc-:  ^.  h^i'.'it  jiu^sura  {)f  the  uppar  atirffece 

wbicli  djvtiilfw  it  into  tw«  pHucijkL]  Ere^^iontA;  [r^  pcwt'Uiior  of  tbow  KgllaQtitl  in  th« 

form  of  a  urvawiit ;  0.  iip  ^>  untvtvtt  ecgmetit,  quadrilfttnaJ,  Aod  conpoaed  ctf 
fifo  MMXiTjdary  cnirrod  Ai^grcionts  like  Xho  prccedlu^ — eocli  of  Ui4>«  wgmento  bals^ 
eotupCMited  of  okiMljr  piM'kcd  'lujiiiuB'  of  dtfTeraat  iImm,  Hpanted  by  tiwQTW  of 
^-ar^'lng'  dcpShs;  7,  f^^ctloiLAol  thtiCerubml  Podunolfls;  8.  '  lOBtoTior  cummiffura' 
of  Ibfl' C'eroliit^ni ;  C.  Cctrporm  Qiuidrigvuilnn. 

much  deeper  than  others.  These  deeper  fissures  are 
comparatively  few  in  number,  and  they  constitute  the 
boundaries  of  the  Bcveral  'lobes'  and  *  lohnles  '  of  this 
organ*  Between  them  are  others  more  or  less  concentri- 
eally  arranged,  which  van,'  much  in  length  and  depth. 


♦  A  very  elaborate  work  oo  the  C&rebellara  ("  Ban  dea  kleinett 
Gehtms)/'  ric^hly  iUuBtrRted,  haa  been  isaucd  by  Stiiliag. 
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The  number  of  these  fissures  of  the  seccDd  order  has. 
hecn  computed  to  lie  from  600  to  800.  They  diviile  the 
surface  of  the  Cerobt-lhim  into  a  multittido  of  '  lamina?,' 
the  nature  nnd  nrraTigoment  of  wlaich  will  he  better  ap- 
preciated after  an  examination  of  figs.  156,  162,  1G6. 


1 


Firt.  ISO.— Iiif^-Hur  fturfjuM  o(  Uie     pcMUim.  (fltippey,  *rt«r  flirvltfislil  J  1,1, 
Inferior  verinil!t<rm  pp-^eonA ;  s,  Z.  ni«fliAH  Qraura  of  the  Mrebulhitn ;     3,  S,  lotM 
umI  li-ilailuii  of  thi^  'ccrubcllnr  hciniUfihun?!;    I,  * Km\gf\ii\a'  nr  alrrLDntl-ltVo 
6,  lolmtd  of  tbo  iiiiO(niinffn«trti3 ;  t,  pf->ti9  Vnrolii ;      modlrtn  groove  on  ih« 
flt  tnMrllo  pfdiiti<?lc  H>f  UiQ  rorcballuni  t  ^.  ^>)t  eurfnce  aF  inediilU ;  in,  4m 
astreiulty  of  thu  ycrva^t  clrcDToforenll.tl  fifwiim ;  U,  Hntedor  b»nfer  at  tb* 

ni  mtoM  ;  nqrvo  of  Witt  A^ctomjiJ  nLtiLiT  miiibclo  ;  13.  facial  n^rve  ;  16.  iivrr«  of 
WrL«lj4iy:  17,  nudHury  uorvo;  IS,  ^iMM-phftrrngQ^  dotta;  lii,  |ititfti[uuir««irl« 

According  lo  Marshnll,  the  Cercliolhiru  of  the  Busb- 
womfiTi  was  more  promineut  at  the  sides^  and  proportion- 
ally wider  and  longer  than  in  the  European,  though  its 
outline  was  not  bo  full  and  rounded,  and  its  actuut  bulk 
was  loss.  As  the  result  of  laborious  comparative  inresti- 
gationSf  he  says,  '*  tbo  number  of  himinre  in  the  Bash- 
woman's  Cerebellum  a^freea  very  closely  with  that  in  tha^ 
EnropeaUj  the  dlflercuces  being  probably  only  such 
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might  Le  met  vdlh  between  individimlH  of  cither  race,*' 
The  relative  number  io  tlie  Eeveral  parts  was,  however, 
found  to  be  different  in  some  of  the  smaller  lobe^,  find  many 
of  the  laminte  were  also  smaller  and  thinner.  The  sHght 
deficiency  in  weight  of  the  Bnsbworaan's  Cerebellam, 
"  depends  essentially/'  according  to  ^larshall,  *'  not  on  the 
absence  of  any  parts  or  laminie,  but  on  the  narrowness  of 
these  latter ;  for  they  are  obviously  much  finer  than  in 
the  Enro{>ean  brainJ'  On  the  whole,  he  considers  that 
the  Cerebellum  in  the  Bushwoman  is  very  well  developed, 
and  that,  as  an  organ^  it  is  fur  move  completely  evolved 
than  the  Cerebrum." 

IBignidcance  of  the  HighGonToliitional  Development 
■  of  the  Human  Cerebral  Hemispheres, 
I  After  the  preceding  description  of  the  external  contij^u- 
ratiou  of  the  Humun  Bniiiij  and  now  that  the  differeneea 
cxistini^  between  it  and  that  of  the  higher  Apes  have  been 
detailed,  such  questions  as  these  may  natarally  present 
themselves  to  the  minds  of  mimy  readers  i — What  is  the 
precise  significance  of  this  more  complex  convolutiotial 
development  of  the  Human  Cerebrum  7  and  what  signi- 
ficance is  to  be  attached  to  tlio  want  of  symmetrical 
development  in  the  corresponding  Convolutiona  of  its  two 
JTemispheres  ? 

It  has  been  previously  pointed  out  that  there  are  three 
principal  types  of  convolutional  arrangement — (1)  that 
of  the  Hcrbivora,  (2)  that  met  with  among  Carnivora  and 
Cetacea,  and  (3)  that  of  Quadrnmana  and  Man,  We 
have  seen  also  that  within  each  of  these  great  groups, 
I  the  development  of  the  Convolutions  peculiar  to  particular 
fipcciea  has  hitherto  seemed  to  be  dependent  in  the  main 
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Tipon  the  cii&tomiiry  size  attiiined  bj  sucb  anim&ls* — 
thof^e  thui  are  small  may  bnve  noMCf  wbiltst  allietl  auimaU 
of  larger  size  may  have  more  or  less  Jevoloped  codtoIu* 
lions.  Yet  it  certainly  cannot  be  said  thnt  larger  animnU 
are  Decessnrily  more  intelligent  than  gmuUer  Auimals. 

As  to  the  reason  of  the  greater  coyvolutional  develop* 
ment  met  with  iu  larf^er  animals  Carl  Vogt  says  t : — 

**  Happily,  matlitmiitic^s  will  ussiat  us  here.  On  comparing  tw 
liodieg  of  similar  iotm  hut  of  different  size,  Ihoir  re»|>ectivOf 
volumes  vary  m  tlic  cube  of  thtir  iliumetera,  whilst  the  proporttoa 
of  the  aurfacei^  aa  tbe  square  of  llie  ditinii'tera,  or,  in  other  wonli^ 
the  volume  of  a  body  Jiicn:*;ispa  more  rapidly  than  the  surface,  and 
tbta  more  ra[tiLliy  thau  the  dinmeter«  Every  urtitlLTiflt  kuows  well 
that  a  twelve  pouutior,  though  thrice  as  heavy  as  u  fnur-jjoonjerp 
does  not  nearly  poeat'sa  a  Jiumeter  thrice  a?  larg'e  .  ,  .  Id  appIviTi^T 
thia  principle  to  the  head,  and  especially  the  ortinium  of  anintalsy 
it  will  be  sGCii  tbnt  in  every  uiituml  group  or  order  of  mamjuuU^ 
the  bead,  and  especially  the  cranial  aipacity,  st^iinds  in  a  certain 
relation  to  the  body*  which  is  nearly  conataut  in  the  various  Bpeciet 
.  .  ,  that  tho  sarfaco  of  the  internal  cranial  capacity  la  proportion- 
ately smaller  in  tbr  larger  anirntkh  and  that  consequently,  in  order 
to  Been  re  a  similar  aurtace  of  groj  mutter,  lb  must  be  convoluted 
ill  the  large  animal,  whilst  it  may  rcmoin  smooth  in  the  small 
animal." 

If  ive  look  then  from  a  broad,  general  point  of  view  at 
the  problem  as  to  the  degree  of  iniportaDec  to  he  attached 
to  the  great  convolutional  complexity  of  the  brain  of 
Man,  it  is  apt  to  appear,  nt  tirst  &lg:hi,  that  this  pfirticnljir 
feature  may  l>e  a  necessary  appana^re  or  seqaeuee  of  the 
size  of  Man's  body,  as  compared  with  that  of  Monkeys 
and  of  Apey.  Man,  in  respect  of  convolutional  develop- 
ment, appears  to  stand  far  away  at  tho  head  of  the 
Quadraraanoits  type^  just  as  the  Elephant  stands  at  tha 
head  of  the  Herldvorona  type,  and  jnat  as  the  cri  eat  Whales 

•  Seep.  270, 

f  "Lectures  on  Matk  "  (Anthrop.  Sue  Traaalti.),  p.  105, 
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occapy  a  siratlnr  position  at  tho  head  of  the  Carnivoroaa 
tyii^.  And  further,  the  biaius  of  the  Elephant  and  of 
Cetacea  show  (like  that  of  Mun)  a  yevy  riecided  Inck  of 
Bj^inmetry  ia  regtird  to  the  precise  disposition  and  shape 
of  correapondiug  Cotivolutiona  iu  the  two  HemispLeros* 
The  inferences,  therefore,  eeenij  &t  first,  not  T>'ilhont 
warrant  that  lack  of  sj'mmetry  is  apt  to  go  as  a  kind  of 
muL'hanical  accident  with  gi'cat  complicacy  of  the  Convolu- 
tion!^, and  that  this  latter  feature,  if  we  compnre  animals 
of  allied  groups,  is,  iu  the  main,  in  relation  with  the  eisie 
of  thctr  bodies  and  the  capacities  of  their  Crania. 

But  Other  important  consideration  a  have  to  he  kept  in 
view.  ThuSj  as  Vogt  fiaya,  we  must  bear  in  mind  the  fact 
that  the  '  cranial  capacit}' '  of  JIau  is,  in  proportion  to  his 
hulk,  enormouBly  greater  than  that  of  any  of  the  anthropoid 
Apes,  and  yet  notwithstanding  this  very  greatly  increased 
size  of  the  brain-chamberj  ihe  increased  area  thus  obtained 
for  snperBcial  grey  matter  of  Brain,  does  not  prove  nearly 
Bufficient  for  the  needs  of  Kau*B  Intellectual  and  Moral 
Life ;  it  has  still  to  be  increased  by  the  occurrence  of 
further  eecondary  foldings  in  tke  Cerebral  Convolutions, 

A  striking  illustration  of  these  all-important  considera- 
tions IB  to  be  found  in  the  fact  that  the  coiivolntional 
development  of  the  Gorilla's  brain  is  much  simpler  than 
that  of  Man'a,  althouj^di  the  cranial  capacities  even  of  the 
lowest  Men  arc  so  much  greater  than  that  of  the  Gorilla, 
and  even  though  in  bulk  of  body  the  great  Ape  often  far 
surpasses  them.  We  have  therefore  increased  complicacy 
of  Convolution  showing  itself  in  the  brain  of  Man  under 
Buch  doubly  adverse  general  conditions  as  to  make  its 
existence  all  the  more  significant  of  the  enormous  advance 
which  has  actually  taken  place  in  the  development  of  iha 
Cerebrum, 

Again,  seeing  that  the  increased  couvolutioual  com- 
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plexity  af  the  Cerebrum  in  higher  as  compared  vntii  lower 
Human  Races  is  also  associated  with  an  enormous  IncreBsa 
in  'cranial  capacity'  and  weight  of  Braiu — though 
hodily  stature  reraaina  practically  the  Baine— we  have  here 
further  evidence  as  to  the  Tast  derelopment  of  tba 
Cerebral  Hemisphorea  that  baa  taken  place  dnring  the 
long:  roll  of  centuries,  whilst  tho  ancestors  of  pr^jsent 
civilized  rnces  have  been  gradually  niiaing  ihemseW 
from  pristine  states  of  savanforj  and  barbarism. 

The  high  convolutional  dovolopment  of  the  brain  o 
MflTi  ia,  thcrofore,  a  matter  of  altogether  greater  8igni6- 
cance  than  the  same  feature  in  Elephants  and  CctaecAi 
souing  that  it  clearly  is  not  in  bim,  ae  it  is  ia  a  consider-^ 
able  extent  witli  them,  a  mere  correlative  of  ^reat  com- 
parative siae  of  body. 

It  is  quite  poE^sible,  hoivever,  that  the  relation  between 
high  convolutional  coinplexityof  the  Human  Corebrnm  and 
high  Intellectual  and  Moral  Attainments  may  be  general^ 
ratber  than  special  and  invariable.  This  relation  m%j, 
indeed*  be  very  simiJar  to  that  which  has  been  sbo-wn  lo 
obtain  in  human  beings  between  high  Brain-wcigbts  and 
Biiperior  Mental  Attainments  and  Powders.  Prevailing 
tonclencies  decidedly  favonr  such  coincidences,  and  yet, 
an  wo  have  seen,  notable  exceptione  may  from  time  to 
time  be  encountereiL  In  subseqacnt  chapters  it  will  bo 
pointed  out  that  there  is  a  functional  inequality  between 
tbe  two  Cerebral  Hemispheres,  so  that  the  asymmetrical 
development  of  their  otherwise  corresponding  convolu- 
tions-mny  be,  at  least  in  part,  due  to  this  fact. 


CHAPTER  XXFL 

mOM  BRUTE  TO  HUMAN  INTELLTGEKCE, 

'*  5Ian  as  a  being  who  reaBona  is  dependent  upon  tlie 
form  of  Language  which  he  employs,  to  an  extent  that 
can  seavcelj  be  over-estimated.  It  ia  by  Tirtiie  of  this, 
in  great  part,  that  he  attains  to  such  skill  and  excGllt^uce 
in  the  canying  on  of  complex  mental  procosaos.  And  if, 
in  attempting  to  bridge  in  the  faiT3test  way  the  great 
intelleclual  and  moral  gap  which  sunders  man  from  the 
highest  of  the  inferior  animalsj  we  sny  that  he  alone  is 
possessed  of  the  power  of  apeiddog  and  uf  using  Articulnte 
LangnagCj  we  probably  fix  upon  that  power  which,  infi- 
nitely above  all  others,  baa  had  to  do  with  the  gradual 
progress  that  seems  to  have  taken  place  during  the  Jupae 
of  agea — a  progi'oss  which  has  enabled  particular  races  of 
man  to  advance  through  the  multitudinous  gi'adcs  of 
civilization  intervening  between  those  who  hved  in  tho 
condition  of  savages,  and  those  who  now  constitute  the 
flower  of  European  civilization.  If  tlien  the  possession  of 
Articulate  Spcpcrh,  with  the  Hiiperaddcd  accomplishmentB 
growing  out  of  this,  of  transmitting  thought  by  moans  of 
written  and  printed  symbob,  have  had  sntrb  an  over^ 
whelming  inttueree  in  aiding  certain  races  to  elevate 
themselves  out.  of  a  condition  of  tlic  rudest  barbarism,  it 
neems  oven  more  certain  still  that  Thought  in  all  it.i 
higher  modes  could  not  be  carried  on  at  all  without  the 
aid  of  Language  of  aome  kind." 


413 


FROM  BRUTE 


This  passage,  which  formed  the  introduction  to  ' 
article  on  *'The  PUjsiologj' of  Thinking,"  wntten  eomo 
yoars  ago,*  mny  be  tuken  as  the  text  of  the  prpsent 
e  bap  tor. 

Views  very  similar  to  these  bad  previonslT  been  enforced 
by  ilerbei't  Spencer,  Huxloy,  aud  othci's,  and  tbey  ha?a 
grown  much  in  public  reco*2:nitiQn  during  the  intervening" 
period,  especially  through  tlie  able  advocacy  of  one  whose 
loss  we  have  now  to  deplore.  Though  the  doctrines  ex- 
pressed by  G.  H.  Lewea  were  not  perhaps  so  novel  as  hia 
language  seems  to  imply,  jet  he  lent  them  new  force,  and 
developed  them  in  a  fuller  and  more  precise  manner  than 
had  beeu  done  by  other  writers. 

The  most  obvious  use  of  Laii;TUag6  is  of  course  as  a 
means  of  definite  communicntion  between  man  and  man. 
In  his  '*  Laws  of  Thought,*'  Thomson  says  (pp,  37*31?  and 
47):  '*We  might  dispense  with  articulate  speech  for 
certain  purposes,  and  might  make  gestures  and  changes 
of  the  countenance,  which  are  the  language  of  action, 
supply  its  place.  But  actions  and  the  play  of  fcatnrea, 
whilst  they  serve  to  express  love  or  hatred  for  somfl 
present  object,  need  of  food  or  rest,  joy  or  sorrow,  can 
but  esprGss  a  very  small  aud  confined  list  of  thoughts^  if 
we  would  indicate  our  feelings  towards  an  absent  person, 
or  our  wish  for  something  at  a  distance,  or  would  direct 
attention  to  some  inward  state  or  sentiment  .  *  .  Hence 
it  ia  ueceftHary  to  appropriate  lo  evei^  object  a  eignul^ 
always  available,  which  all  men  by  a  tacit  convcutioa 
accept  as  a  substitute  for  the  object,  and  which,  there- 
fore, recalls  the  object  to  the  fancy  whenever  it  ia 
employed;  and  such  a  signal  is  a  noun  or  name  .  ,  »  • 
Names,  however,  are  representatives  of  thinga  ;  and  the 
difierent  states  of  things  must  find  an  expresaiou  Vikewise; 
•  "Fortnightly  Ucview/'  January, 


Chai-.  XSIIJ       TO  HUMAN  I>TJiI-UCENCK. 


413 


heuco  the  need  of  adjectives  and  verba.  The  Tcrb  bus 
the  power  of  a!^signit]<^  to  ih&  thm^  at  a  parLicuIar  time 
the  condition  of  being,  doing,  or  unJcrgoing  something. 
.  .  .  When  tATo  or  more  names  come  together,  it  ie 
frequently  necessary  to  express  the  mutual  relation  in 
ivUiL'h  ihey  stand  ;  a  thinjT  may  be  to,  from,  by,  in,  near, 
abovt?,  below  another,  and  prepositions  are  inserted  to 
determine  this.  Here  then  are  the  four  principal  parts 
of  speech,  ELibstantivcs,  or  names  to  express  suhstantivesj 
adjectives  to  stand  for  uLtribntes,  prepositions  to  denote 
relations,  and  a  single  verb  to  assign  attributes  or  rela- 
tions to  substantives  at  a  deterjninate  time.*' 

*'  The  various  parts  of  speech  took  their  origin  from  the 
noun  and  verb,  or  possibly  from  the  noun  alone.  Many 
instaiieea  can  be  found  of  adverbs  and  prepositioriB  which 
are  distinctly  substantives,  and  of  coujonctions  which  a<'e 
but  parts  of  verba.  Then  the  close  connexion  between 
the  verb  and  noun  is  indicated  by  the  number  of  words 
which,  in  our  own  language,  are  both  verb  and  noun,  and 
only  distinguished  by  mode  of  pronunciation*" 
k  *'  It  is  jmpoBsiblo  to  trace  the  growth  of  language  vnih 
Bertainty;  but  it  is  most  probable  that  many  of  the  roots 
of  the  primiLive  langiiago  were  originally  imilationfi  of  the 
various  sounds  emitted  by  things  in  the  natural  world, 
A  bird  or  animal,  pcrhapBt  received  a  name  derived  from, 
and  refiemblingt  ita  own  peculiar  utterance.  The  cry  or 
exclamation  that  man  emitted  instinctively  under  the 
pressure  of  some  strong  fecJing,  would  be  consciously 
reproduced  to  represent  or  recall  the  feeling  on  another 
occasion  :  and  it  then  becomes  a  word  or  vicarious  si<^n. 
Where  natural  Bounds  failed,  analogy  would  take  the 
place  of  imitation  ;  words  harsh  and  difficult  to  pronounce 
would  be  preferred  to  stand  for  uupleasing  objects,  over 
those  of  a  more  bland  and  facile  character^  which  would 
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be  appropriuted  to  pleasant  tbingB  an  d  conceptioas* 
There  agreement  ftniong  thooe  wlio  nsod  tbe  lungna^, 
ivould  be  BufficieDt  to  stamp  a  vocal  sound  as  tlio  uame  of 
a  certain  olytct,  wliere  neitlier  imitatiou  nor  analog 
BUf^r^estcd  one^  lint  these  original  roots,  tliB  simplebk 
form  of  substantiTes,  would  gradnallj  bccorue  less  and 
less  diBceruible  as  tbe  language  grew  riaber  and  more 
intncate<  WLerever  new  arts  are  practised^  we  may 
easily  find  opportunities  of  watcbing  tbe  growth  of  new 
names  for  its  instruments  and  proeesseSj  guided  by  these 
three  principles,  imitation,  analogy,  and  mere  cod- 
Tentiou," 

**  These  are  but  slender  hints,*'  says  the  author  (now 
Archbishop  of  YDrk)^  **of  tbe  direction  in  which  profound 
and  acote  researches  have  been  made.  And  I  do  not 
think  that  sncb  attempts  to  dissect  and  analyze  language^ 
pursued  with  proper  caution,  tend  at  all  to  lower  our 
estimate  of  tbe  importance  of  the  gift  of  speech,  or  of 
its  marvellous  nature.''  This  will,  perhaps,  he  &  eon- 
Bobitory  admission  to  many  persous.  It  is  further  not 
without  interest  to  find  another  highly  acute  and  philoso- 
phical Doctor  of  Divinity  writing  as  follows  • 

**  In  inquiring  bow  far  tbe  same  process,  can  account 
for  the  invention  of  language,  which  now  takes  place  in 
the  learning  it,  the  refcl  question  at  issue  is  simply  this : 
Is  the  act  of  giving  names  to  indiviihtal  objects  of  sejise  a 
thing  BO  completely  beyond  the  power  of  a  man  created  in 
tbe  full  maturity  of  bis  faculties,  that  we  must  Suppose  a 
Divine  Instructor  performing  precisely  the  same  office  as 
is  now  performed  for  the  infant  by  his  mother  or  his 
nurse;  teaching  him,  that  is,  to  associate  thiit  Bound  with 
thU  iifjht  J  Thisquestion  maybe  asked  in  the  inlerests 
of  a  human  race  naturally  evolved,  with  as  much  cogency 
•  Dr  Manael,   Prolegomena  Logica,**  p.  20, 
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as  in  referiMit-e  to  the  hypnttictioal  man  **  created  in  the 
full  maturity  of  hia  faculticii*" 

An  endowment  like  Artiiiilato  Speeoh,  wlien  once  starlcd 
— whetlier  by  Rorae  hidden  and  unknown  process  of  naUirul 
development,  or  as  ji  still  more  occult  God-sent  gift  to  Man 
— was  by  its  very  nature  almost  certain  to  have  led  its  pofl- 
scfitfors  by  degrees  along  an  upward  path  of  cerebral  devel- 
opment. How  slow  and  tardy  the  prot'es<a  has  been  we  are 
now  beginning  dimly  to  perceive,  by  reason  of  those  re- 
searches which  have  made  known  to  ua  the  great  antiquity 
of  the  Human  Kace  and  the  far  remote  period  of  Mans 
appearance  upon  this  Eartli. 

Anterior  to  hLstorieat  epochs,  the  Men  who  were  the 
coniemporarios  of  the  great  Mammoths^  whose  remains  are 
found  in  the  Post-Tertiary  Drift,  those  of  the  Bone-Caves^ 
those  of  the  Shell-heaps  au<l  the  Peat-bogs,  as  well  as  Ihojse 
of  the  Cromlech  period  and  the  Early  Lake-dwellings,  lived 
for  untold  a*,^e3  in  a  state  of  simplicity  and  barbarism  far 
g^-ater  than  that  which  wtUl  continues  among  many  of  the 
savage  and  semi-8avagG  races  covciing  so  large  a  propor- 
tion of  the  Earth's  surface. 

Progress,  in  the  early  stages  of  human  history,  was 
necessarily  so  slow  as  to  have  seemed  almost  absent,  even 
if  we  mark  time  by  centuries.  Gradually,  however,  as  a 
nomad  life  gave  ]»lace  to  a  more  eompk-x  communal  life, 
the  advantages  of  co-operation  would  show  tbemstdves  in 
many  ways.  The  commencement  of  a  developing  Social 
Organization  necessarily  entails  a  greater  diversity  in 
the  relations  of  man  with  man,  which  would  naturally 
become  reflected  in  their  Language^  and  propc»rtionately 
increase  the  arc^a  of  Ihcir  1  hough t-procesfie-s  by  giving 
birth  to  new  exercise-^  or,  at  all  eventsi^  by  greatly  strength- 
ening certain   previonsly  embryonic    mental  processes. 
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lucieased  Sympnthv,  as  well  as  an  Increased  reco^itlO 
by  each  unit  of  the  *  social  organism  *  of  whab  be  nnglit  d 
for  ih&  gratification  of  bis  own  wants  or  desires  %vitLo:it 
Lringing  pain  upon  himpclf  through  the  anger  of  h" 
fellows,  would  gradually  teach  bim  the  necessity  of  su 
ordinaliog  within  certain  limits  hia  reahKatioa  of  egoist- 
impulses,  and  the  need,  even  for  the  sake  of  his  o'wn 
bappinosB,  of  continually  bearing  in  mind  the  wants  an^ 
wishes  of  his  foUow-men. 

Sympathy  we  have  seen  to  have  been  begotten  even 
in  the  brcasta  of  many  dumb  animals,  when  they  have 
learned  to  recognize  in  their  fellows  the  outward  si^Mis  of 
that  which  they  remember  as  a  condition  of  past  distrc" 
for  themsf^lves.  The  ideal  recurrence  of  euch  a  gtate, 
coupled  with  a  perception  implying  the  Bimilar  present 
suffering  of  another,  prompts  to  actions  for  its  rcliof.  la 
such  exercieo  of  mere  brute  Sympathy,  we  have  one  of  tha 
nioet  important  germs  of  those  altruistic  feelings  whic* 
attain  so  ranch  breadth  and  power  in  higher  races  of  Mao* 

Equally  important,  however,  among  eavage  races,  art 
those  limitations  which  'expediency'  compels  the  individual 
to  recognize,  as  imposed  by  his  fellow-mcn  upon  tho 
freedom  of  his  own  actions.  Such  considerations,  in 
concert  perhaps  with  a  strengthening  Sympathy,'  gra* 
dually  tend  to  build  up  within  him  an  inward  monitor, 
*  Conscience/  at  the  same  time  that  there  arise  embr 
notions  of  Right  and  Duty,  constituting  the  foundation 
of  a  dawning  '  Moral  Sense/  Ha^igsuch  an  origin,  th 
impnlaes  of  such  a  '  faculty'  cannot  fail  to  harmonize  wi 
prevalent  opinions  and  influences.  As  G.  IT.  Lew 
Buys" : — 

"Thflre  cannot  bo  moral  relationa  apart  from  Sueiety  .... 
Intellect  and  the  ConBciL'iicti  ara  aocial  functinns;  and  their 

♦  ''Prnlik  nis  of  Lire  aad  Mind,"  vol  L  p,  173- 
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manifesi^tionB  are  rlgtiroiisljr  detcrminod  by  hociiiI  StHtiics,  t.e.  th**! 
state  of  the  Sociaf  Orgaivism  at  the  time  being,  which  they  in  their 
tiHTi  detjermine.  The  L3.ugiiage  wa  think  in  ^iiJ  the  conce[»tioi5!» 
tvfi  employ,  the  attitude  of  our  minds,  and  the  mt'aris  of  luvustij^u- 
tinnp  are  nocial  products  determined  by  the  ictivitiea  of  the 
Collective  Life.  The  laws  of  inteJIeetnal  progress  are  to  be  read 
in  History*  not  iu  tlie  individual  experience.  We  LreaLhe  the 
BociaJ  air  J  since  what  we  think  greatly  depends  what  othcn 
have  thouj?bt/* 

The  power  of  Lanpiiat^e  in  aiding  cerebral  developmont 
and  thiuking  processes,  although  it  Diuat  have  been  great 
from  the  first,  and  ever  tending  to  increflse,  did  not  reveal 
itself  60  forcibly  till  means  Lud  been  adopted  for  the 
preservation  and  conimiiniration  of  human  experience 
and  tboijfjht  from  generation  to  ffenemtion,  by  nioans 
either  of  Hieroglypbitis  ormore  modern  forma  of  Writinn;, 
When  these  camo  into  eonimon  use,  nad  when,  cnore  espe- 
cially. Printing  bad  been  adopted  and  booka  began  to 
circulate,  then  at  last  Language  began  to  exeroi^e  its  fnll 
inflnencG  as  an  aid  to  and  developer  of  rhought.  For 
although  oral  tradrtion  is  vastly  better  thin  no  maans  at 
all,  for  commnnicating  '  esperience  '  and  Thoiij»ht^  froni 
one  generation  to  another,  it  is  poor  indeed  ecra pared 
with  the  facilities  afibrded  by  printing  and  the  common 
distribution  of  Books.  With  these  ]fitter  raeana  in  exist- 
ence, the  Thoughts  of  man  may  go  on  accumuiating  from 
a*fe  to  age,  forming  a  record  ol  his  complex  relations  to 
nature  generally,  to  his  fellows,  and  to  that  Social  Orgjin- 
isin,  in  particular,  of  ■which  he  and  they  form  parts. 

Lungunge  is,  however,  indispensable  not  moiely  to  thf 
communication,  but  to  the  formation  cf  Thought,  since  it 
&Tourg  the  birth  of  Concepts  or  General  Notions,  and  ia 
^sential  both  for  their  '  preservation  '  and  familiar  *  uso,* 

In  his  "Prolegomena  Logica"  {pp.  19,  20,  29-31), 
Manscl  says ; — 


**To  Ibo  child  Icaroihg  to  speale,  words  are  not  tiia 
tLopghtg,  but  of  inhiitions  ['Prcdetitaiions  of  Sen^'j:  tbo  wordf^ 
wan  and  horse  do  not  represent  q  collectiim  of  attribatcs,  bat  are 
only  tbo  naiiia  of  the  iudiviUitul  now  Lelore  Lim.  It  ib  not  anlil 
the  nnme  hAB  been  succeasirely  appropnated  torariona  inclividnalfl^ 
thut  reflectLou  begins  to  inquire  into  the  cointDOU  feattirea  of  the 
c\sLS9*  Lunguagep  therpforti,  aa  taught  to  the  itifantp  chmno- 
logically  prior  to  thou^ltt  a.ud  poeteriot  to  sensatian  ,  ,  .  .  AU 
■coacepLfl  are  formed  by  nn.^aoa  of  signa  which  ha.v«  previously  htttn 
representative  of  individiml  objects  only  ,  .  .  .  Siruilaritiea  are 
noticed  earlier  tlmn  difftirences ;  and  oar  first  abatrn^ctiona  inny  be 
said  to  be  performed  for  ub,  aa  we  leara  to  give  the  mm(s  name  to 
iBdividuiila  presentod  to  iis  utider  slight,  atxd  at  Hrat  tinnoticeJ, 
ciruumstancea  of  distinction,  The  aatiie  name  ia  tUwa  applied  to 
different  objecla,  long  before  we  learn  to  antilyze  the  growing! 
powers  of  speech  and  thought,  to  a?k  what  w©  mean  by  eacH 
aeveral  instanca  of  it«  application,  to  correct  and  Bx  the  ■itrDific*' 
tioEi  of  words  need  at  ti ret  vaguely  and  obscurely.  To  jwitit  oat 
each  KUccessive  stage  of  tho  proc<>gs  by  which  eigaa  of  intuition 
Ijeeome  gradually  Bigns  of  thonght,  is  aa  impossibte  bb  to  point  otit 
the  Mveral  momenta  at  which  the  growing  child  receive*  each 
suocesftive  increase  of  its  ataturc*' 

This  important  opinion  of  Miiusel,  tbat  witliout  'signs 
or  Names  we  could  not  form  Concepts  at  all,  is  in  op}K>si' 
tion  to  a  commonly  entertained  view,  tliat  '^we  muffl 
hflvo  had  the  concept  before  we  could  have  given  it  a 
name,**  hut  it  is  one  wLicb,  a«  J.  Mill*  puts  it, 
Mnnsel  jaslly  enough  bases  upon  the  view  that  "  numeg 
when  first  used  are  names  only  of  individual  ohjects,  hut 
being  extended  from  one  object  to  another  under  the  Jaw 
of  Association  by  R<*s6mblance,  they  become  spooiallj 
n!^sociated  with  the  points  of  resemhlnnce^  and  thna 
generate  the  Concc^pt.*'  Sir  William  Hamilton  Ihinks, 
however,  that  we  may  be  able  to  'form  '  simple  concepta, 
though  scarcely  to  '  preserve '  thorn  without  the  aid  ol 


*  "Exam,  of  Sir  Wm.  Hamillon'a  Philysophy,"  p,  324i. 
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eigris.  "A  word  or  aign,'^  he  says,*  *' ia  necessary  to 
give  stability  to  our  intellectual  pmgi'ess,  to  eatnbliah 
each  step  in  our  advance  as  n  new  staHing-point  for  our 
advance  to  another  heyontl.  A  country  may  be  overrun 
by  an  armed  host,  but  it  h  only  conquered  by  the 
eatnblisbnient  of  fortresses*  Words  are  fortreaBes  of 
thought.  They  enable  us  to  realize  our  dominion  over 
what  we  have  already  overrun  in  thought ;  to  mftke  every 
intellectoal  conquest  the  hasia  of  o]ieratLon3  for  otherB 


still  beyond 


Though,  therefore,  wo  allow  that 


every  movement  forward  iu  lanj^age  must  be  determined 
by  au  antecedent  movement  forward  in  thou^'ht ;  Btill, 
utilesa  thought  be  accompanied  at  each  point  of  its 
evolution,  by  &  coi'responding  evolution  of  language,  ita 
further  development  is  arrested."  On  a  previous  page  he 
had  said  ; — The  concept  tlius  formed  hy  an  abstraction 
of  the  resembling  from  tbe  non-resembling  qualitiea  of 
objects,  would  again  fall  back  into  the  confosion  and 
infinitude  from  which  it  has  been  calked  out,  were  it  not 
rendered  permanent  for  conscioufnefis,  by  being  fixed  and 
ratified  in  a  verbal  sign/* 

While  there  seems  to  be  good  reason  for  believing 
with  Mansel,  tbat  General  Notions  or  Concepts  cannot  ho 
formed  without  tbe  aid  of  Signs,  this  doctrine  must  be 
received  with  a  cerlaiu  i-eservation*  which  tends,  however, 
to  support  the  opinion  of  Sir  William  Hamilton.  Signs 
are  neceasiry ;  but,  for  the  formation  of  simple  General 
Notions,  *  Visual  Images '  may  take  the  place  of  Words. 

On  tliia  Hubject  J-  S.  Mill  saya: — "The  signs  need  not  be  arti- 
ficial; there  are  soch  tluaja  &n  natural  &\^ns.  The  only  reality 
lliere  ii  in  tlie  Concept  is,  tbat  we  are  sDtnehow  etiabled  and  ]i*J» 
not  nnceor  ati^cLdentally,  bat  in  the  common  cnurae  of  ourtHoughts, 

tad  specially,  and  more  or  lii^s  exclusively,  ta  certain  parts 
•  "  Lectures,"  vol.  iii.  pp.  138-140. 
__ 
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of  tlie  presentation  of  sense  or  rppreeentation  of  imnginutic 
frhicb  vrc  are  coiiscioua  of.  Now,  what  is  \hex&  to  maJio  uadio  Uiin? 
There  mu»t  be  sometbinj^  wliich,  aa  ofU'n  as  it  recurs  eitbcr  to  onr 
eetiacfl  or  to  our  tbnughtsj  directs  our  attention  to  those  porlicnltif 
eloni**ntB  bi  the  perception  or  in  Ihti  i<]ea :  and  w?wt/<*rc'r  j>cr/onnm 
this  o^-ce  tff  viHnaUij  a  sSt/n  ;  hot  it  need  not  he  a  word;  lb 
process  ccrtaiolj  takea  place  to  a  ljmttt>d  e:rtent,  in  th«  inferi 
iinimHUi  jwid  even  in  human  heiogs  who  have  hut  a  amaJl  vot^ 
bulary,  manj  procesBCs  of  tliouj^ht  take  place  habitually  bj  oth« 
symbola  thun  worda.  It  is  a  doctrine  of  one  of  the  most  fertJ 
thinkers  of  modern  timeB,  Angnsto  Comte,  that  besides  the  lope 
of  signs,  there  is  a  logic  of  images,  and  a  h>^ic  of  ft^e1ings.  In 
many  of  the  familiar  processes  of  thought,  and  pRpedally  to  uncul- 
tured ininda,  a  viidjal  image  et*rv*>a  inalcnd  of  a  word.  Oar  visna] 
PcnaatinnB — ^perhapa  only  because  they  are  almoi^t  always  preseol 
along  with  the  imjiressions  of  o^ir  other  sen9efl~ha%*e  a  facility  of 
becoiiiitig  Hssociutod  with  them.  Hence  the  clmraetcristic  visual 
appearance  of  an  object  easily  gathers  round  lt»  by  aasociatioii,  the 
ideas  of  all  other  peouharitiea  which  have,  in  frequent  experieu 
co-existed  with  that  appearance-  and  gnmmoiiing  up  these  with 
atreniTfth  &nd  certainty  far  fiiirpiiatiing  that  of  the  merely  ca«n 
assof^iationst  which  it  may  also  raise,  it  concentrutes  the  attention 
on  theiu.  This  is  an  image  serving  for  a  sign — the  logic  of 
images.  The  same  function  may  be  fulfilled  by  a  feeling.  Anj 
strong  and  highly  interesting  fettling,  connected  with  one  altijbntr 
of  A  ^Qp,  spotitaneouEfly  classideaii  aU  objects  according  as  they 
possess  or  do  not  poasesia  that  attribute.  We  may  be  tolerably 
certain  that  the  things  capable  of  satisfying  hanger,  form  a  pe" 
fectly  didlinct  clusa  in  the  mind  of  any  of  the  more  TDtelligen 
jinimals ;  quite  as  much  so  aa  if  they  were  able  toute  orundersta 
the  word  food" 

Whilst  it  seems  possible,  therefore,  that  simpl 
General  Notions  may  be  formed  aroiiDti  and  called  up 
by  Feelings^  and  consc^quently  by  the  Images  of  tbcsLt 
(aud  especially  by  Visual  Imngefi),  it  is  ajso  clear  that 
Words  are  much  more  potent  Signs,  since  in  addition  to 
the  aid  whicb  they  afford  in  the  formation  of  General 
Kotionsj  tlicj  carry  "vvith  tlicm  the  power  of  being  n^ed 
as  meaua  of  cominTiniefltiTig  Thonglits,  and,  therefore. 
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fltreiigtbetiing  thera  by  repetitious  and  mutual  inter- 
chuiiges,  duritjg  iho  dully  lifu  of  the  uuiLi^  of  uny  iilho, 
race,  or  uatioD  of  Human  Beings. 

A3  Thomson  says*: — Laaguage,  llie  close-fittitig 
dress  of  uur  thou^htb,  is  ahvay»  aQal^vtical,  it  docs  uot 
body  forth  a  mere  picture  of  facts,  but  dinplaya  the 
working  of  the  mind  upon  the  facts  submitted  to  it^ 
with  the  order  ia  which  it  regards  them  ...  *  the 
hame  laiigiiago  becomes  more  analytic  as  literature 
and  refinement  incrmse.  Thia  property  indicates,  as 
we  should  exptct,  coricspoiiding  ohnn'^^ea  in  the  Ktato 
of  thinking  iu  diflferent  nationB,  or  in  ihfi  game  at 
dilTereiit  times.  With  increasing  cnltivation,  finer  dis- 
tinctions are  seen  between  the  reliitions  of  ohjeclH, 
and  corresponding  expressions  are  sought  for,  to  denote 
them ;  because  ambiffuity  and  confusion  would  result 
from  allo\ving  the  same  word,  or  forjn  of  words,  to 
continue  as  the  expression  of  two  different  things  or 
facts  .  ,  ,  ,  A  discovery  can  hardly  be  said  to  be  secured, 
until  it  has  been  marked  by  a  name  which  shall  serve  to 
retail  it  to  those  who  have  once  mastered  its  nature^  and 
to  ehallense  the  attention  of  those  to  whom  it  ia  still 
strfinge.  Such  words  as  inertia,  ailmity,  pularit^ation, 
gravitittitjn,  are  8umn)anea  of  so  many  htws  of  nature, 
and  are  so  far  happily  chosen  for  their  purpose,  that, 
except  peihiips  the  third,  each  of  them  guides  us  by  its 
etymology  tu\vards  the  nature  of  the  law  it  standt?  to 
indicate  .  •  .  .  Names  then  are  the  uieans  of  fixing  anJ 
recording  the  results  of  ti'aius  of  thought,  which  without 
them  must  be  repeated  frequently,  with  all  the  pain  of  the 
first  effort  *  ...  As  the  distinctions  between  the  rela- 
tiona  of  objfctH  grow  more  numerous,  involved,  and  subtle, 


*  *'LiuvBof  Tbouglit,"  p,  28. 
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it  becomes  more  analytic,  to  bo  able  to  express  tbem  t 
end  iiiverBely  those  who  are  bom  to  be  the  heirs  of  a 
higbljy*  analytic  Iiiu^ua^^Oj  must  needs  leiiru  to  think  npXo 
it,  to  observe  and  ijlsiingniHh  all  tlie  relations  of  objects, 
fov  which  they  find  the  expressions  already  formed,  so 
that  we  havo  an  iuatructor  fur  the  thinking  powers  in  that 
speech,  which  we  are  apt  to  deem  no  more  than  their 
handmaid  and  minister/^ 

Leibiiit/.,  in  an  impoiiant  passage  concerning  tho 
symbolical  nature  of  nmny  of  our  processes  of  cogni- 
tion or  thought,  wag  the  first  to  call  attention  to  a  kind 
of  fusion  or  identification  of  Thoufitbt  and  Word,  which  is 
habitually  taking'  place  in  our  ordinary  mental  processes. 
General  and  abstract  names  or  words  are  often,  as 
Thomson  says,*  *'Syniboh  both  to  speaker  and  hearer, 
the  full  and  exact  mt'aning  of  which  neither  of  tliem  stops 
to  nufold,  any  more  than  they  ref^iilarly  reflect  that  every 
Boverei^n  which  pusses  through  their  hands  is  equivalent 
to  240  pence.  Sacb  words  as  the  Htate,  happiness, 
liberty,  creation,  are  too  pregnant  with  meaning  for  ns 
to  suppose  that  we  realize  their  full  sense  every  time  wa 
read  or  pronounce  thorn*  If  we  attend  to  the  working  o( 
our  own  miudn^  wc  Hliall  find  that  each  word  may  \m 
us&d,  and  in  its  proper  place  and  sense,  though  perhaps 
none  or  few  of  its  attributea  are  pi-e&eat  to  ns  at  the 
moment/' 

The  proOGsa  of  Conception  by  which  such  genornl  or 
Abstract  Notions  aro  arriA^ed  at,  is  only  possilile  by  a  prior 
nse  of  Language  ;  and  the  marking  of  theso  complex 
notions  hy  Wards  Hubseqneutly  to  bo  used  as  '  symbols 'or 
counters  equivalent  lo  such  Notiona,  ia  a  fusion  into  one 
of  cerebral  Thought-procossca  and  Word-processes — the 
Word  in  future  is  the  Thought, 

*  Loo.  cit.  p.  30. 
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After  these  brit-f  obaeivatioiia  coucuniuig  tlio  growth 
and  functions  of  Langua^e^  and  as  to  its  use  in  aiding 
the  development  of  Mind,  we  mny  turn  to  the  viewB  of 
G*  H*  Lowes  concerning  the  transition  from  Brute  to 
Human  Inlollirjeuce,  and  ou  tbo  subject  of  the  further 
powerful  influence  exerted  hy  Language,  when  acting  in 
concert  with  Social  Influences  generally — the  influences 
that  is,  winch  are  brought  to  bear  upon  Mon  as  imits  in  a 
gradually  developing  Social  Organization. 

He  Siij's*  :  **  That  animals  have  sensations,  appetiteSj 
emotions,  instincts,  and  intelligence — that  they  exhibit 
memory,  expectation,  judgment,  hope,  fear,  joy^ — that 
they  lertin  by  exporieuce,  and  invent  new  modes  of  satis^ 
fying  their  desires,  no  philosopher  now  denies.  And  yet 
the  gap  between  animal  and  humrin  intelligence  is  so 
wide,  that  Philosophy  is  Eorely  puzzled  to  reconcile  the 
undeniable  fttctB."  .  ,  .  "Animals  having  organs  closely 
resembling  our  own,  and  feelings  closely  resembling  our 
own,  have  little  or  nothing  of  the  highest  order  of  mental 
activity ;  Animals  are  ijitelligent,  but  have  no  Intellect ; 
Ibey  are  Bympathetic  bat  have  no  Ethics ;  they  are 
emotive^  but  have  no  Conscience/'  .  .  .  When  it  ia 
said  that  Animals  however  iutelligeut  have  no  Intellect^ 
the  meuniug  is  that  they  have  ijerceptiona  and  judgments, 
but  no  conceptions,  bo  general  ideas,  no  symbols  for 
logical  operations.')'  They  are  intelligent,  fur  we  see 
them  guided  to  action  by  Judgment;  they  adapt  their 
BctiouB  by  means  of  guiding  Bonsatious,  and  adapt  things 
to  their  ends.  Their  mechanism  is  a  sentient,  intelligent 
mechanisni.    But  they  have  not  Conception,  or  what  we 

*  "  FroblemB  of  Life  and  Mind/'  toL  i.  pp.  152,  154,  and  156, 
i  ToalimiU'd  extiint,  as  already  stated,  there  is  reason  to  f>elit've 
that  animala  do  carry  on  sume  such  mental  procetiacH,  not  of  courgQ 
by  Word  Symbols,  but  by  meani  of  Yisual  Images, 
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specially  dcsi^^ate  as  Thoughtj  u*.  thai  logical  fnnction 
whicli  tleiils  with  gene  rail  tie  8,  ratios,  ByniMs,  as  Feolin 
de&h  with  pnrticuliirs  and  oltjects,  a  funi:l'um  suMtniu 
by  and  subset'vkttt  io  impersonah  eociai  etttia,  Taki 
Intelligence  in  general  aa  the  discrimination  of  moans 
ends — the  guidance  of  the  Organi&tu  towards  tbe  satihf 
tioD  oi  its  impnlsos — we  particularize  Inti^llect  as  a  high] 
differentiated  mode  of  this  function,  namelv,  as  tbe 
discrimination  of  s3*iiibols»  Tliia  differs  from  the  rndi- 
tuentarj  njode,  out  of  which  it  is  neverlhelesa  an  evolntio 
as  European  Commerce  differs  from,  tbe  rudimentary 
Barter  of  primilirc  tribes.  Commerce  is  impossible 
esccept  under  complex  social  conditions  oat  of  which  it 
Hpnnjjs  ;  and  its  operationa  are  mainly  carried  on  by 
mpans  of  si  mbols  which  take  tbe  place  of  objects ;  tbo 
bill  of  invoice  represents  tbe  carg^o;  the  merchant's  signt- 
ture  represents  the  payment.  In  like  manner  Intellect  is 
impossible  nntil  animal  dexelopment  has  readied  the 
human  social  atiige  ;  and  it  is  at  all  periods  the  index  of 
that  development ;  its  operations  are  likewise  carried  on 
by  means  of  symbols  (Language)  which  represent  rtal 
objecta,  and  can  at  any  time  be  traudated  into  feelin)^ 
,  .  ,  between  the  eictremeB  of  human  Intelligence — say  a 
Tasmanian  and  a  Shakespeare — there  are  intinitesiiuiil 
gradations,  enabling  us  to  follow  the  development  of  the 
one  into  the  other,  without  the  introduction  of  any  essen* 
tiully  new  factor.  But  between  animal  and  human  Intel- 
ligence there  is  a  gap,  which  can  only  be  bridged  over  hj 
an  addition  from  without.  That  bridge  is  the  LnngniMTe 
of  symbok,  at  once  the  cause  and  effect  of  Civilir.ation." 

Again,    the  same  writer  renmrka  *  :^ — '*An  anim 
suffers  from  a  physical  calamity,  seeks  to  cseajie  from  it, 
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but  never  sooks  to  uniiorHliiiul  antl  raoflify  its  fiiiises, 
Tbe  saviigG  also  fluflurs^  auJ  setrks  to  eHcapc*  But  ho 
wouJers,  speculates  on  the  caiiseH,  Lopes  to  master  them 
by  invocations,  or  incantationa,  Tbe  civiUKed  ronn  trios 
to  uudcrstaiiJ  tbe  causes,  that  be  may  modify  tbtim  when 
tbey  are  nidditinble^  atid  resijjn  himself  to  them  wbeii 
tbey  are  unmodifiable.  Tbo  animal  has  only  tbe  Lof^ic 
of  Fouling  to  guide  his  actioiiH.  He  observes  and  con- 
cJodes,  nevet  explains*  The  mnn  has  bosidee  this  tho 
Loj^ic  ot  Si^fiia ;  he  obsprvea  and  explnins  tbe  viwUe 
series  by  «ii  invisible  series.  Tlje  one  baa  only  know- 
leii^e  of  particular  facts,  tbe  otbor  a  kuowledge  ot  general 
facts." 

In  the  progress  of  Intellectual  Development  there  is 
exhibited  an  ever^inf.reasirig  teudcney  to  deal  with  more 
and  more  remote  Concoptions^  and  with  indirect  mental 
proceBfles  which  detach  tbe  mind  further  and  furtber  from 
Sensible  ObBervution.  It  may  be  illustrated,  ns  G.  H, 
LewDS  says,*  by  tbe  ataj^es  of  aumerical  ealculatiou. 

"Mliti  bcgiua  by  counting  things,  grouping  thtnti  vieibly,  tfa 
then  k-ariis  to  coont  mmply  the  numbers,  in  the  absencfl  of  tbe 
tbingfl,  nsinj^biij  6ngerH  and  toca  for  symbols.  He  then  subatitutea 
abatrELct  sigoa,  and  Aritbiaetic  bogitia.  From  thi«  be  paasefl  to 
Algebra,  the  aigns  of  wljich  lire  not  ouly  abstract  but  general ;  and 
Df>w  he  calcnUte^  niiim^rioal  relationa  not  numbers.  From  tbia  ho 
pim&s  to  the  hlgber  cQlcolua  of  rt!<1ations  -  «  ,  .  In  cons&queuce  ot 
tkU  dcrelopinent  of  Intellect— t.^.,  of  the  inlereat  lu  retnote  meana 
au1i)4titiited  for  direct  ends — miin  acquires  hia  imiiieTjae  superiority 
ovpr  anittmls  in  acbieriag  the  Htsal  end.  It  ia  thus,  aad  thna  oaly, 
thnt  he  ia  enabled  to  modlFy  the  coarse  of  events.  It  is  tKuB  that 
8»nitii'iu'C  be^eomes  Scienee,  fads  are  condensed  into  Ijlwh,  and 
direct  Tiainii  is  multiplied  and  ruugnllied  by  rtaiate  prtviMiyn." 

"  The  obemrdity  of  mippOHiUL'  that  any  ape  c<,altl,  iiTtdtr  any 
normal  circumutariceB,  conutruLita  BcieutiHc  theoiy»  analyse  a  faut 
into  its  oompoaeat  factors,  framo  to  himsulf  a  pictofG  of  tbe  life  led 

*  LoL'.  uiL  p.  171. 
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hy  his  anccBtors,  or  cunaciowiily  regnlat*  bis  contact  with  a  riew 
to  tlie  welfare  of  remote  dcsceuJ^ntar  ia  30  glaring,  that  we  need 
not  womler  at  profouiiJilj  meditative  mintLs  baviog  been  led  to 
rt'ject  witTi  acorn  the  bypotbesEs  which  seeks  for  aii  e^lanalton  of 
human  Intelligence  in  the  fnactionBof  the  hodik  organism  commoa 
to  man  atid  animals,  and  having  had  recourse  to  the  hypothesis  of 
a  lai'irttiial  agent  Buperm3J<*d  to  the  orj^anisui." 

"  BaW*  be  adds/  "  the  savage  is  not  lesa  iocotnfjett'dt  than  the 
Qtiitnal  io  originate  or  even  anderstuiij!  a  phi]o8r)|»hieal  conception; 
the  peasant  would  be  Uttli*  btitttr  than  the  ape,  la  presence  of  thA 
]»roUem8  of  abstract  Hcience;  and  it  would  be  hopelesa  to  expect 
cither  oT  Mieni  to  weigh  the  etara,  or  to  understand  the  cqualicmi 
of  curves  of  double  curvature.  Nor  are  the  moral  coDccptions  of 
the  savage  much  higher  than  those  of  the  animal.  His  hiugna^ 
i«  witbont  terais  for  Justice^  Sin^  Crime:  be  has  not  the  ideaa. 
He  underatandfl  generosity,  pity,  and  lo^e,  little  better  than  tha 
dog  or  the  horse  does.  Ilia  intelligence  ia  mainly  confincMi  to 
perc^ejitiooB  and  E«ntiaient&  His  aima  are  iilmodt  all  iiumediAtft 
and  prncticab  rartly  remote,  never  theoretical.  The  uio«t  inteUi- 
f^ent  inhabitants  of  Guiima,  though  far  removpil  from  primitivff 
j^avagcry^  could  not  believe  that  Kiiiuboldt  hdd  left  his  own 
country  and  come  to  theirs  '  to  be  d«!vaured  by  Diosquitoa  for  the 
Aake  of  meoBiiring  Sands  which  were  not  his  own.*  ....  All  the 
xnuterials  of  Intellect  are  images  and  symbola,  all  ita  processes  ftre 
operationa  on  images  and  symbols.  Lianguflge — which  ii  wholl 
&  social  product  for  a  oocial  need — is  the  chief  vehicle  oF  symbol* 
ical  operation,  and  the  only  means  by  which  abstraction  in  effecti"L 
^'ithout  Lmiguuge  there  can  be  no  meditation,  no  theory,  no 
Thought,  in  the  special  meaning  of  that  t^^rm/* 

But  fts  we  have  already  fainted,  concurrentlj  with  the 
deTolopment  of  Man's  Intellectual  Nature,  there  gnidually 
emerges,  in  response  to  other  aspects  of  the  Bame  geDer&l 
influences  and  coudilious,  ^tiat  is  known  as  his  Mond 
Nature. 

As  Lewes  saysf: — "Man's  intlividutil  functioDS  arise 
in  relations  to  the  Cosmos ;  bis  general  functions  arise 
in  relations  to  the  Social  Medium;  thence  Mural  Lufo 


*  hoc.  cifc,  pp.  158^  167, 


t  Loc.  di.  pp.  tb'&t  17X 
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emerges,  All  the  nuimiil  Impulses  become  Lleiuled  witb. 
human  Emotions.  In  tLo  process  of  evolntionj  starting 
from  the  merely  aiiirniLl  appetite  of  sexuality,  wo  arrive  at 
the  purest  and  most  far-reaching  temleiness ;  from  the 
morelvanimal  propertyof  SensiUilit.y  we  arriveiit  the  noblest 
beiglita  of  Speculation.  Tbo  Socijil  Instincts,  which  aro 
the  analogues  of  tbo  individual  Instincts,  tend  more  and 
more  to  make  Sociality  dominate  Animality,  niid  ibua 

Kubordinatc  Personalit}'  to  Humanity  Thus  tho 

human  Intellect  emerges  from  animal  iDtelligence,  and 
developH  a  vast  independent  creation,  hiiving  tho  whole 
Cosmos  and  HuDiauity  for  its  material.  Conctirrently 
with  this,  the  Moral  Intelligence  develops  its  sy*ftem. 
Both  Intellect  and  Conscience  are  products  of  the  animal 
impulses  and  social  irapukea  acting  and  reacting.  "VVhilo 
the  Intellect  is  mainly  occupied  ^i  itb  the  relations  of  the 
Cosmos  and  ita  Histoiy,  having  the  ultimnto  aim  of 
making  these  subservient  to  practical  needs,  the  Con- 
ficience,  or  Moral  Intelligence,  is  mainly  occupied  with  tho 
relations  of  humanity — human  needs  and  human  actions 
— having  the  ultimate  aim  of  conforming  our  conduct  to 
those  relations,  harmonising  our  impulses  with  tho 
impulBOS  of  others,  thus  aiding  others  and  gratifying 
oui-selvee/* 


CHAPTER  XXin. 


THE  IKTEHNAL  SIIIUCTUHE  OF  TKE  HITMAK  BBAIK. 

The  internal  structure  of  tbe  lluman  Brain  is  so  complex, 
and  Jit  the  same  time  so  verj  imperfectly  known,  ns  to  ruak 
it  ilifBeuU  to  give  any  aiicount  of  it  which  shall  he  inlcl- 
li^'iblo  to  tbe  majority  of  readers.  The  a<^eqiinte  com- 
prehension CTCU  of  its  general  plan  or  groundwork  will 
require  a  full  amount  of  attention.  In  the  present  chap- 
ter multitudea  ot  technical  delaila,  whose  sif^iificauce  is 
cither  uukno^vn  or  incapahlt^  of  heing  appreciated  hy  anj 
one  who  has  not  preyiously  made  a  close  Btndy  of  the 
Buhject,  will  be  excluded,  Tbe  discassiou  of  »uch  details 
may  be  found  in  more  technical  and  purely  aDatomical 
works* 

By  tracing  upwards  some  of  the  more  elementary  fornu 
of  the  Nervons  System  met  witL  among  In^ertebrntca, 
and  afterwards  describing  the  principal  external  or  grosser 
variations  of  the  Bniin  as  they  present  themselvea  in  thA 
Vertebrate  Series,  tbe  best  preparation  has  perhaps  been 
made  for  Bueh  a  study  of  the  structure  of  the  Brain  of 
Man,  as  is  compatible  with  the  plan  of  this  work.  The 
roatler  will  thus  have  been  grndually  introduced  to  the 
represenlativea  of  the  several  parts  of  tbe  Human  BraiDp 
and  the  dGscdption  of  this  organ  ought  thereby  to  Imv 
been  rendered  both  simpler  and  more  iuteresting  than  it 
would  otherwise  hare  boon.  No  parts  abfiolutely  new  will 
be  met  with,  though  it  will  n*»t  be  difficult  to  note  many 
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differences  Id  terrntd  to  the  absolute  or  rclatLve  size  of 
divi&ious  of  Ibo  Braitij  with  which  t!jo  readur  is  already 
familijir  from  thdr  occuircncG  in  lowor  auimals.  Tbe 
pofisession  of  a  himls  uf  comparison  of  this  kind  can 
Fcttrccly  fail  to  infuse  ^rcrit  additional  interest  Into  the 
study  of  the  hniin  of  Man,  (ind  it  will  often  ohviate  the 
ueceBsity  for  anything  like  Ic-nj^tliy  descriplious. 

What  is  to  l>e  fiaid  in  this  cTiapter  a«  to  the  inti*rnal  etractute  of 
the  Human  Emiii  maybe  most  conveniently  t^roiipf.'*!  under  tho 
followiDjCi;  hendingB:— 11)  Internal  Top<^^m|^ihy  ot  the  flomaa 
Bnun, ;  (2)  Di^trilution  of  the  Fibres  comi>r>3ing  the  CV*i*ebrnl 
Peduticka,  with  at*  account  («}  ol  their  relation  to  the  Tliulumi 
and  Corpora  Stiiata^  and  thcEr  relatiowa  [ug  well  as  that  of 
FihrpB  which  aiinply  issue  from,  or  go  to,  Ihewe  great  Gatighal 
with  different  parts  of  the  cortex  of  thfl  Cereliral  Uemiajjhcres; 
i'S}  The  luicroscopic  anatomy  of  theCercl^ral  CoDvoIulions;  (1)  The 
rciatioOB  of  the  CommiKaiircs  of  the  Brain,  itichiJinj^  {tr)  thoao 
ci^nnccting  Hiuiilar  re)jion8  in  the  two  Hcniisfihcrcs^  {h)  thoso  coa> 
necting  Jiflereut  rcgiona  in  the  game  Hetnispihc'rep  and  (tf)  those 
hrincring  Xhy  OcrabeUiini  into  riilmion  with  thfl  Ccnsbrsil  Hcmi- 
itpht'rvB;  (•"-}  "Vhti  general  structure  of  the  CeroUelhim  and  its 
relutioDS  with  other  parts;  (0)  The  miiiroscopic  aneUimy  ot  the 
Cort^i  of  tho  CVrehdlum  ;  (7)  The  central  conneetiong  of  tho 
various  Cranial  Kprvcaj  (8)  Th«  relationa  of  the  Visceral  System 
ot  KervcB  with  the  Braia. 

1.— Internal  Topography  of  the  Human  Brain. 

The  nature  of  the. '  lateral  *  and  other  Ventricles,  ond 
the  I'ulatioiJS  of  all  of  them,  except  the  fifth,  to  the  origin- 
nlly  wide  eamil  of  the  primitive  Cerehro-Spinal  Nerve 
Tube,  has  already  been  indicated  fpp<  207,  333,  338). 

The  Laterul  Ventriclea  in  the  houlthy  and  well- 
developed  Human  Brain  are  comparatively  narrow 
cuvitiea,  represented  in  the  main  by  three  spurs  op 
'cornua/  (Fig,  151.)  Tlie  drniugcment  of  parts  in  and 
nboiit  these  Latei-al  Ventricles  is  csBentially  similar  to 
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that  nuil  with  in  tbc  liigber  Apes,  in  whom  tha 
previously  much -talked  of  *  posterior  cornuii  *  exist,  as 
well  as  the  small  swellmg    hippocampus  minor  ')  on  iu 

inner  side,  which  carres- 
pouds  externally  with  the 
calcarine  bqIcus  (see  p« 
304).  The  CoriHjra  Quad- 
rigemina  and  adjacent 
strnctares  also  pteseni 
no  distiuct  pecaliarities. 

As  there  ai-e  no  fresb 
fitrncturea  met  with  in 
these  regions  of  the  Hu- 
man Braio,  do  special 
descriptioa  of  its  internal 
topography  is  needed, 
other  than  what  is  to  be 
gathered  from  figs,  15 1- 
15d,  with  their  explana- 
tions*   These  the  reader 


ftc.  liU-~T>ie  t^tL'ml  Yeutriclei  Uid  their 

■pbdnB  hare  been  cut  away;  tlie  FiTtifx  (O       ,      3  n  t  1 

hu  bem  cut  antM  knd  rvne<l*d,  so  »  to  Will  do  well  tO  StUdT,  Slid 

"^''''ir,!!*^'""'^^^'^*  compare  with  fifnires  of 
tba  watniLi  port*  of  tb«  Bma,  tu^udiiijc  the  sftme  parts  helon^ug 

tho  CoTTKini  Stnriiita  (6'  ;  a,  f.  p,  are  tbo  tbnm   .  r  1  ^ 

OOTUUi  of  the  V*mtTicl«;  /.  BlptMinpiH  »  SOmO  Of  the  loWCf 
majtir  (to  show  wblrb  tbebnln  aabatBoee  hu 

iKvu  c'll  away  atUl  m^re  on  thfl  debt  Mtiii  r  s  'i 

&,  utppMiatnpus  mini^r.  Dome    few  dotails  eon 

ceminrj  the  strnelnre  of 
the  Corpora  Striata  and  Thalami  will  moreorer  be  found 
in  the  next  section. 


animals  (figs*  86^87^  115' 


2.— The  Biatribution  ot  the  Pibrea  Composing 
Cerebral  Peduncles, 

Serious  attempts  hare  heen  made  during  recent  J4 
to  anravel  the  precise  cootie  of  tho  different  bands  o 
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fibres  which  pass  from  the  Spinal  Cord  into  the  Brain, 
and  rice  rersn.  The  lahorious  investigations  of  Stilling, 
Lockhart  Ciarke,  Meynert  and  others  in  regard  to  the 
intimate  stractnre  of  the  ^FedulliL,  valuable  as  they  are, 
will  he  hat  little  referred  to  here,  because  they  have 
revealed  details  far  too 
complex  und  tttdinical  to 
ho  now  set  forth,  and  also 
beca use  a  s tatem eu t  o f 
the  general  arrangement 
of  its  principal  parts  will 
bo  all  tbat  is  really  need' 
fill  for  the  carrying  out  of 
our  present  plan, 

Tlie  intimate  structure 
and  distribution  of  fibres 
i  n  higher  par  ta  of  the 
Brain  is  a  study  of  no 
less  extreme  difficulty, 
which  in  recent  years  haa 
been  dealt  with  principally 
by  Meynert,  Luvb  and 
Broadheut.  Concerning 


servers  are  far  from  being 
in  accord  with  one 


an- 


Fl*i.  TlilTtl  flntl  KHjurtli  V«?ntriclo*  nf 

tho  Brain  crxpoB*d  by  nmorol  of  the  '  velum 
intcrpupitmiL '  n»d  furUior  euttitig  nway  ol 
rGrebra]  Uemi^phcm  ond  portiuiifl  of  Cero- 
niany    points     these     ob-    boUum,   (After  Shnrpoy.)   n,  CorptiB  Btria- 

t  urn  :  ThalnniiiR  ,  e,  onttitior  pllllirs  ui 
TQmixi    «f,  euh  OT    *  mtddlo  tommlBiniTo' 

strotchiuf  MTon  third  TonLriclo;  Etoui 
.  body;  /,  /,  Cnrpora   quadrlyiMninJi;  (t. 

other*       The      views      of  Ruperlor  CewT-teUar  Peduncle  iriili<;ij  port  o( 

iue^noia  on  xnia  auncuiii      ,^^11^^  the      of     the  tourtb  tiu, 
subject,  have  of  late  re-  tncio. 
ceived  what  they  much 

needed  in  the  way  of  re-arrangement  and  clearer  exposi- 
tion  from  Professor  Huguenin  of  Zurich,  and  the  value  of 
his  work  has  been  further  enhanced  in  its  French  transla- 
tion by  the  incorporation  of  new  matter  contributed  by  its 
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editors,  MM.  Duval  aiul  Keller,"  TIjis  trcaliBo  will  we 
repay  careful  study  l>y  those  wlio  will  not  bo  repelled  by  it* 
technicalities,  and  ctre  capable  of  undersiandlti^  them.  It 
Beeraa  more  than  doubtful,  bowpver,  m bother  Meynprt  ifl 
rij;;ht  in  hiA  general  point  cf  view  os  to  tbe  separ«l« 
representation  of  sensory  a»d  motor  channels  fop  Anto- 
mtttic  and  Volantary  Movements  respectively.  Lnys,  hi 
addition  to  tho  opportunity  afforded  by  his  larger 
syatematic  work^f  has  again  stated  bis  Tiews  in  one  of 


Fia.  LunglLDdfnal  Vottlciil  Bectioa  through  tha  Lcti  Fenil>iiber«s  thitwlac 
lbs  Laterul  VimtKtlD  unrl  itn  threa  Comm.  (^•pFwj'.  after  ninK.>hM(L)  I,  %  Intn 
Hid  QXti-B  vcatriculnr  porttoitt  t^f  tbc  Corptta  t^trintum  acpanttKl  by  {s}  a  vtrmCiUB  cf 
■whita  !lbrM^  4.  junctluti  of  iha  \^ttly  of  fho  VcnlTiclo  wJth  Ita  'aulcrlor  enrnu'; 
6,  '  ftw^^rtor  eamu  ' ;  fi,  Rippncninpii!i  jninnr  ;  T,  d«M«lldinff  or  '  lUidtJld  Cwrnu' 
8,  LllppocanipUii  majar  covered      [U)  the  chnrolil  ploxiu ;  19,  ooctloti  of  tJia 

the  volumes  of  this  Berics.  J    If  little  reference  he  made 
his  opinions  in  this  chapter  it  is  partly  for  ibese  reaso 
and  partly  because  the  investigations  of  Erojidbent^  so  f 
US  they  havo  gone,  have  been  more  es^^ecially  directed 
some  of  the  points  which  can  be  here  mostadvanla^eooBl 

*  Anatomic  des  Centres  Nerveux^  pnr  Hiigncniii,  Piiris,  1870. 
t  Sot  le  Syateroe  Kervcux  Ct'rebro-Spimil^  18rj5, 
X  Le  Cerrraii  et  ses  fonctiong,  1876- 
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scussod — partly,  moreover,  boeause  his  observations  seem 
the  writer  to  have  been  conducted  with  great  care,  and 
to  httTfi  been  iriLej'pretfd  fiom  a  correct  genorul 
"Sltadpoint*  Thus,  though  the  invcstigati'ous  of  BroaJbent 
have  uB  yet  only  Loeii  publinbeJ  in  abstract,  *  they 
will  principally  be  cited  iu  tliie  and  in  the  following 
eoctiuns. 

One  of  the  most  fuudamentul  facts  in  regard  to  tho 
structural  relations  of  the  Cerebral  Hemisphcrt'S  and 
their  PediinL'le&j  i»  that  tho  left  half  of  the  Jirain  is 
^ecialij  in  connection  ^ith  the  right  half  of  the  body, 
iind  tho  right  half  of  the  Brain  with  the  left  half  of  tho 
body*  Tliia  arranfjement  exit^Ls  not  only  iu  Man,  but  iu 
IVertebrateB  generally  (thoLi;;li  with  varying  degrees  of 
^Wnpleteness),  and  it  is  due  to  the  fact  that  the  'ingoing' 
'filVBB  to  each  Ceiebrnl  Heniifiphero  come  from,  whilst  its 
'outgoing'  fibres  are  distributed  to,  the  opposite  half  of 
the  body, 

Speakinf^  in  general  termSj  it  may  bo  said  that  the 
*  ingoing '  tibres  which  enter  the  Cord  and  Medulla  on  either 
side  throughout  their  whole  lenf^th,  soon  orosa  over,  as 
Brown-Soqimrd  has  showiif  to  the  opposite  side  of  those 
centres  ;  and  that  they  thence  follow  an  ascending  course 
towards — tlioufjh  they  do  not  necessarily  go  as  far  as— 
Ujo  (Jerchral  Hemisphere  of  the  same  side.  Similarly, 
ps  important  section  at  least  of  the  'outgoing^  or  motor 
fibres,  viz.,  those  formin^^  part  of  tho  *  anterior  pyramidB 
decussate  with  Iheii' fellows  in  the  ^ledulla,  so  as  to  pass 
over  to  the  opposite  '  lateral  column  '  of  the  Cord.  Thus, 
even  allowing  fur  the  fnct  that  some  of  the  Craiiial  Motor 
Nerves  decussate  by  Ihemselvea  higher  up,  iu  the  sub- 

•  "Tbe  Structnre  of  the  Cerebral  1  Fern ispb ere,"  Joumal  of 
tnjfrti  Scirnt:v,  1870;  and  ttlMo"'Tlie  Ootifitrijction  of  a  Nervous 
ateiDi*'  Brit.  Med.  Joum.,  March  &  April,  1^76. 
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stance  of  the  *poDs  Varolii '  (fig.  154),  tliG  sites  Ln  ^luch 
decuBsation  of  molor  channels  takes  place^  aro  altogether 

limited  in  area  when  com- 
pared with  what  obtains  fat 
seDsory  channels. 

The  longitudinal  Shres  of 
the  Spinal  Cord  ore  in  the 
main  dineiblc  (if  we  exclude 
those  Bp€cially  hi  relation 
with  the  Cerebellum)  into 
three  categories^  viz.,  (1) 
fibres  transmitting  'ingolDg' 
currents  toAvards  the  Brain  ; 

(2)  fibres  which  transmit 
'  outgoing  '    currents ;  and 

(3)  ^biea  of  a  '  commiesural  * 
order,  soi'ving  to  counect 
separate  groups  of  cells  or 
centres  in  different  parts  (<f 
the  Spinal  Cord  itself,  or  in 
the  Spinal  C^rd  and  Me- 
dulla. 

The  Spinal  Cord  being, 
moreoTcr,  a  bilaterally  sym- 
metrical organ,  the  gronpd 
of  cells  above  referred  to 
are  similarly  represented  iu 
each  half  of  it  (fig,  19)  ;  and 
the  similar  Motor  and  SeD« 
sory  regions  of  these  two  halves  of  the  Cord  and  Medolla 
are  to  a  considerable  extent  brought  into  structural  relatio 
with  one  another  by  means  of  numerous  trausve*- 
miasnral  *  &brcs. 

The  first  two  sets  of  longitudinal  fibres,  i 


FlO.  1^4.  —  IMiL^im  llllistniCliie 
place   EUi^l    lu'hrU;   of    '  clccilNuitiob '  uf 
MotOT  Fill..-  in        THodiullii  Rcu]  In  U)*^ 


B,  D'„  two  seta  of 
ploxua,   uot  con- 


nfictti'l  by  tr^tJi^'Vcr*  comiutuurci ; 
ti,  O',  twM  sct3  «r  KjeuLi-toiqitrfcr  n«jcl*"l  In 
Ffot,  freely  Dobuoctod  nith  opc  utoUjcr 

S,  S'p  wntor  Sbrm  frpid  Cuvpus  StHalum. 
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to,  pass  on  each  Bide  in  compact  columns  throtigU  the 
Medulla,  and  tlirough  lliat  continuatiou  of  it  which  ia 
croBseJ  by  the 
*middle  peduncles* 
of  the  Cerebellum 
(viz.,  the  pons 
Viirolii).  Beyond 
this  point,  both 
sets  of  fibres  of 
the  one  side  di- 
verge from  those 
of  the  other  (fif;. 
154)  so  lis  to 
form  ivhat  nre 
known  as  tho 
'Cerebral  Pe- 
duncles/ These 
parta  are  seen  on 
the  Tinder  surface 
of  the  brain,  es- 
pecially when  the 
tips  of  the  Tem- 
poral LobeB  are 
drawn  outwards 
or  removed  <fig. 
155.  rr).  Each 
Peduncle  hoot* 
disappears  within 
the  corresponding 
Cerebral  Hemi- 
hero,  and  then 
''ourse, 


F)ii»  iSS.^On,  right  tide  ^IikWji  pUiic  of  filjren  undpr- 
)yiitq  superficial  coDvglutiouia  vij,  infuHur  K«]wct  u£  Ttm- 
piiral  trf>beH  and  foTtoitig  the  flutT  ut  DunccEjilin^  L'omil. 
Tb«  Comu  tiju  bcoQ  opened  ontcHiirljr.  and  flhrvs  (4 
from  1h«  of  tbo  lobo  Co  the  axtm-TcQtriculm-  Car- 
pun  i^ldutuni  on  seen.  On  the  left  Aide  fi^itro.  rbo 
dljitfDcttoti  hu  been  carrtod  furthor,  ahA  ihc  Qptic  Tnct 
bu  been  removed,  rr,  Cnira  L'Qnjbrt.  r^r,  Cruntiu  rt, 
Flbm  of  TcsTii«ntnm  <iuid  (Tcm  Ihji^ainim]  tumlo^ 
rffund  (intcrfrvr  edgo  of  CruBto.  (A,  Tail  trt  Thnliuiiiin, 
timiluii  rtmrMi  in:iatcriur  Ctt^u  of  Cnutft.  iMmilng  ToUnr 
of  Cms/  *nd  distributing  3)ircn  tn  bjlvliiti  tnul^^  of 
Tmiiipon.1  ljj\fC.  tk' and  mx',  VibfuH  from  TliJkluiiHfl  and 
flxtm-Tontrtoubr  CorjrtiB  Rtriiitum  respectively  to  Ois 
cL|)[caI  citi^nilty  of  H«mi«pliDra.  Tbc  longihidlnfU 
Dltrui  not  liidicntoil  hy  Lcttci^  bdioag  chieHy  Ut  lh«  Bf«* 
tenmf  the  Gynn  Uncluatua.  (Broadbeut.) 


'tuent  fibres,  Citu  only  be  made  out  by 
IS.    It  spreads  out  rapidly  into 
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a  fan-Iiko  expansinn,  the  *  corona  radiata/  the  ed»?e«  0 
tlio  I'iin  being  directed,  its  Broiidbeut  Ettvs,  *'  I'orwarda  and 
bjiL*kw&fds,  the  surfaces  inward  and  nutward,  hut  sWpii);; 
oiitsvards,  so  that  the  outer  surface  luoksi  downvvardft^  aud 
is  coucave,  the  inner  looks  upwards,  and  is  convex/' 

On  cutting  across  one  of  the  PeduncleB  in  fiwl  of  the 
Pons  it  is  found  to  he  aepanttod  into  two  hiyera  of  fibres 
by  a  grayish  hhick  fitreak  of  ganglionic  tissue,  knowu  as 
the  *  Iflcua  niger.'"  Looked  at  from  the  under  surface,  the 
juost  fuperficirtl  stmtum  {that  is,  the  under  and  anterior 
strulnm  in  the  uuiuraJ  position  of  the  Braiu)  is  known  as 
ilw  *  CViifffff/  and  is  made  up  of  white  fibres.  It  di>abt- 
Icss  consists  of  the  bulk  of  the  outgoinf^  fibres,  which 
louver  down  are  clustered  tof^ether  into  the  *  aDterior 
pyrnmidij  *  of  the  Medulla,  together  with  other  fibres 
terminating  in  *  motor'  cell-groups  iu  the  Pous  and 
Medulla.  Mixed  with  these,  in  all  probability,  are  fibres 
tt'hich  suffice  to  connect  the  Corpus  Striatum  with  tho 
Cerebellum  through  the  iutermedintiou  of  its  *  middle 
peduncles*'  The  deeper  stratum  ^that  is  the  upper  aud 
posterior  parts  of  the  Peduncles  iu  the  natural  position 
of  the  lirain),  constituting  what  is  known  as  the  '  Tf{f' 
menfHtn,'  is  not  60  white  in  colour,  and  seems  to  be 
mainly  composed  of  'ingoing'  fibres  derived  from  ih& 
Cord  and  Medulla* 

"  The  Crusta  and  Tcgraontum,"  Broadbeitt  saya,  **cftn 
be  separated  from  each  other  for  liome  distauce  upwards, 
as  they  spread  out  to  form  the  fan-like  expansion  spoken 
of ;  bat  before  they  emerge  from  the  central  ganglia  the 
fibres  of  one  sink  iu  between  those  of  the  other,  and  thej 
become  mixed  together,  so  as  to  be  no  longer  distinguish* 
able." 

-*  Xts  cdlotir  being  due  to  Uie  abundance  of  pii^mout  gmnulca 
contained  with i a  thu  large  nerre  cclttt  uf  tlus  regioti* 
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it.  lu'hitlitii  of  the  Ccrehml  rt^dnncks  to  the  Crnlral 
Gaufjlia:  Thalatni  and  Corpora  Striata^ — Accjordiug  to 


Fm.  ir.fl,— Cojitmli  tLin^lh  of  the  Brjlu,  to^fctljcr  VfiiU  the  Ccrclicllum  attti  Its 
Superior  FedLiliplis.  nHjipfMjr,  uTtar  II jntebf«Id-)  1,  Ut>rpt>ra  qiliidrtgeuiltia; 
'4,  Valvu  of  VieiiB^onft;  J,  aMperlDi-  C^rwljeHar  T'i:dmn;li:* ;  4,  upper  p«rt  oE  tJio 
ixiLtDlf!  CoipetpelUr  iVrlunclcji  :  J,  ii]>jwi-  pnrt  of  tlie  Cfrt-Kn-iil  Pef|MiiclK«;  fl,  UlerU 
givovit  of  the  latbiHilfl^  7,  rll>bou  ot  HvU;  li,  cord  eirtendinK  frutn  tbu  '  UftU  '  to 
Mio  futerULiI  'genitiiLUts  botlf':  9+  cDlumn  of  tho  Valve  of  ViuiiiiinciiA  ,  10,  gray 
LiokILl  of  tfafl  ftjuati  i  ll„  poAteHor  flbmi  of  tlin  trion^ilur  buudlo  t^f  iLu  Iffibmua  ; 
IS,  iippor  ahrw  of  raiddle  Curiibclltr  Podunclca  ;  \i,  vth\ia  rcntre  of  the  Cerebellum; 
14,  grey  rhijinlM  tdjil  nncleim  of  CercViclludi ;  15, jKintcrior  wnnnlwnrv) '  of  CerBbnim; 
Iri,  ptxlmictc*  of  Xhft '  Plneftl  Imdy ' :  17,  "  Piljial  iiody  '  Cimuil  ffn-wiirdfl  bd  as  to  Rbow 
last  two  stmc^lurCA  f  l^S,  pualcrlar  tiilKtcU'!!  ul  tho  Hi;iLini[  ;  L'},  ruilcriur  tubvrclcm  of 

MiHie:  ^1  Ti,'Dln  numiiilr^iiliirli^ ;  veins  of  the  Cr>rpiifl  atriAhtm;  S"!,  atiUirior 
j'iUnrn  of  tlic  rt^Iv.  bvtwew!>  "fitblclj  thxi  '  uiit<?rt«r  oi:jiiiiiiiiiauro  '  i4  awu ;  t3.  Corpus 


the  above-quoted  tinatoniiBt,  "  The  Thalamus  and  Cor- 
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pus  striatum  may  be  eaid  to  Bit  astride  the  posterior 
and  aQt^i'ior  edge  respectiTely^  of  ihe  fan  formed  by  the 
Cros  as  it  expands^  each  haviug  an  ictni-TeDtHcabir  aod 
an  exlm-vcntricnlar  division.  The  Thal&mns  is  mncb  the 
smalUr  of  the  two  ganglia,  and  m&y  be  said  to  be 
embraced  by  the  Corpus  Striatum,  ivhich  is  also  on  a 
rather  higher  level.  Both  iu  structure  and  in  their  relations 
with  the  cms  on  the  one  hand,  and  the  consolations  of 
the  hemisphere  on  the  other,  there  is  a  remarkahle  con* 
trast  between  the  Tbalamns  and  the  Corpus  Striatarn.*^ 

The  Thalajnus  eonsista  of  an  admixture  of  fibr^  and 
grey  matter,  and  has  a  vhitish  colour  on  the  surface — 
distinctly  contrasting  with  the  greyer  tint  of  the  Covpas 
striatum. 

By  far  the  larger  part  of  tbe  ThftkmnB  seems*  to  pro- 
ject into  the  '  lateral  ventricle  '  as  it  **  rests  upon  the  teg- 
mentam  of  the  cms.  from  which  it  cm  be  raised  from 
behind,  forwards  and  upwards,  the  direrging  fibres  of 
this  part  of  the  cms  appearing  to  pass  onwards  beneath 
the  ginglion  without  ending  in  it.'*  But  as  Broftdbeot 
further  remarks: — "It  is  possible  that  ootnmunieation, 
by  mesna  of  cell  processes^  exists  between  tbe  radiating 
fibres  and  the  overlying  ganglion,  bringing  them  into  a 
relation  equivsleut  to  the  direct  terminatioil  of  fibres 
and  eells." 

The  poitioa  of  the  Thalamus  thai  actoaUy  has  the  ap- 
pearance of  lying  oatside  the  ventnclep  eonsists  **  only 
of  a  prolongation  from  the  body  of  the  ganglion  which 
bends  roand  the  posterior  edge  of  the  cms,  and  enrrea 
forwards  in  the  roof  of  Iba  doseending  cornn  of  the 
lateral  fontikle»  beeoming  pointed  anteriorly.** 

Tbe  Oorpdta  ftirimlnm  b  divided  into  two  distinct 
perta  by  like  radiating  fibm  of  the  Cras  which  pass 
«  SfC  pfi.  ^69.  279  aUa,  and  %  122. 
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through  it.  The  intm-ventricular  portion  consists  of  a 
ileposit  or  bed  of  soft  grey  matter,  not  iutermixed  with 
tlintitict  fibres  visible  to  tb<3  naked  eye,  thicker  and  wider 
anteriorly  in  the  anterior  corua  of  the  ventricle — narrow- 
ing to  a  point  posteriorly.  It  rests  upon  the  radiating 
fibrea  of  tLo  togmentum  and  tbalanius  wbich  pass  on- 


> 


TrnniTonie  Boct[uti  of  thu  CorubTTUn,  just  behind  [nfimdlbuluiii!. 
I lutm-TODtrioiiiuLr,  ntnl  a.X,  EKtra-voalricnlan'  Corjjiii*  Sitiiutum.  Tfi,  TfauljuuuH. 
rc,  Cnuta,  and  T  t,  T«gmoiituiD  of  LYii4  i'vnabrl;  H,  radlMtiiig  oxi>iuiBlm]  of  wbfte 
StfTH  (*cor»na  mdluu  't;  rt,  intl  U  lij^futl^r  funn  wL,ji,t  liaa  been  culled  tho 
'Interna]  oipdule'  of  tlic  Lenticular  Xiicleiia,  Cx,  '  oitorniil  catmiile'  ( including 
itc  Clfluitrum> ;  C,  L'un^us  CaUcaum ;  F8',  FliHura  of  Sjlviiu;  Lil  0,  LuPtrttudimiJ 

Xein^^iil  Gyriw.  J5MUi  SSItJ',  BylTiiin  itrtTtfJiiflJ  QjrruB  ;  -> '  ,  imlifJ3[t4J  liuta  cjf 

derlratl'juof  ftbrc*  of  Carpus  StriiUiuu ;  ,  .  .     fltiroi  ol  ilLslTtliytloQ  uf  lliulamuf. 

wanls  bencatb  it  to  the  licmlsplicre  proper."  Between 
the  bundles  of  radiating  fibres  this  upper  and  anterior 
portion  ia  cotitinuouf?  with  the  lower  and  outer  *  e:?tra-' 
Tentricular  '  portion  of  the  Corpus  Striatum,  which  is  naorc 
bulky  than  the  part  already  described,  though  it  is,  like  it, 
also  larger  in  front  than  beliind.  It  is  a  somewhat  pear- 
baped  mass  of  soft  grey  matter,  bounded  abore  and 
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within  by  the  radiating  fibres  of  the  Crus  {*  in/^nia 
cdpsule  ') ;  and  oxterually  {fif^.  157,  C  x)  by  a  thin  Btrntiiui 
of  filu'es  eA'ienud  tvi^jsw/j?  *)  issnipg  from  its  iulenor  for 
ilistrilmtion  to  vftrioua  regions  of  the  Hemispberej  though 
formin^f  in  the  first  part  oi  their  course  to  the  couvolu- 
tioiis  (together  with  some  other  fihres  from  the  *  fusicolus 
laiicinataa '  to  be  hereafter  described)  an  onier  wall, 
fierviiig  to  separate  this  inferior  portion  of  the  Ckjrj^as 
Striatum  from  the  immfidiutely  adjacent  convolutions  of 
tho  *  ialfind  of  Reil  * — the  situation  of  whioh  has  been 
already  defintid  (aee  pp.  301,  341,  381). 

b.  Jirlittions  (if  fUtrrs  coniposiftg  the  C*'}'ehrnl  P^dnnrlew 
as  well  its  of  fibres  issitiuif  from  or  tfointj  to  t!tt^  Crnti'al 
G(fHiiliaf  with  d}jjerfut  Conmhttions  of  the  Ci'rphrnl  /iemi* 
Bpherfs* — It  in  tittsily  to  be  deinonstrated,  accurdiiig  ta 
Broadbent,  that  **  fibres  of  the  crm  in  large  nuinl*frs  pa&s 
caiuterraptedly  Lhrouj^h  or  by  the  Ceutnil  Ganglia  to  the 
Convolutions/'  And  he  adds,  lu  tl;e  case  of  the  fibres 
of  tho  posterior  edj^e  of  the  Crus  there  is  scarcely  room 
for  error  on  this  point,  as  they  do  not  come  at  all  into 
relation  with  gi'ey  matter  on  their  way*"* 

Other  fibres  of  both  '  te^ent'  and  *  crust,'  seem  to  end 
in  or  take  their  orig^in  from  the  grey  matter  of  the  Corpas 
Striatum^  thoogh  Eroadbeot  is  inclined  to  belioTe  that 
"  no  fibres  of  cither  division  end  in  the  Thnlanms,"t 

From  both  Thalamua  and  Corpus  Striatum,  howes'cr, 
many  independent  fibres  ajipear  to  issue,  which  serve  I 
connect  theae  ganglia  with  Convolutions  in  different  pa^ 

*  Some  of  these  fibres  which  mcroly  pasu  through  or  by  tli4 
Central  Uangliii  msky,  ns  ci^rtiiin  aniitoniijjta  rtapposc,  serve  Ui  con- 
nect Ui«  Ctrobral  Cortes  with  tbe  Cerabelluiii,  by  wiiy  of  ittf 
*  iiiiJiUi.*  ptJuuch-a/ 

t  Tliia  aeems  a  very  doubtful  [mipoKition.    The  nnatt}uii4u]  rela- 
tiuua  Qi  the  Thahimi  are,  however,  ub  jet,     uucertaia  ue  are  lUe 
fUTiftiotiB. 
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of  tht3  Hemispheres,*  These  two  sets  of  fibres  do  not 
proceed  td  tlio  grey  nmll^r  of  the  Coiivolutioui?  separately, 
bub  are  for  tlie  itioist  fmrt  inextricably  mixed  with  those 
ftbrea  of  the  PeduuclQ  (above  rofcrred  to)  which  pass  utiin- 
terrapteJly  through  the  Central  Gau^^iia,  Outside  these 
bodies,  moreover,  all  three  sets  of  fibrea  become  further 
intermixed  with  those  of  the  great  transyerso  commissnre 
between  the  hemiapheres — the  Corpus  Cflllosum» 

But  some  further  account  must  be  ^ven  of  the  course 
of  these  three  Bets  of  fibres — answering  io  the  'projection 
system  *  of  Meynei-t.  Their  mode  of  distribution  is  neces* 
Barily  a  mutter  of  greut  importance,  if  any  coherent  notioua 
are  to  be  formed  axtn  as  to  the  simpler  modes  of  action 
of  the  Brain.  The  reader  ou*ifht,  therefore,  carefully  to 
study  the  particulars  given  below,  making,  aa  he  proceeds, 
frequent  references  to  those  figures  in  whieh  the  relative 
position  of  the  Convolutions  alluded  to  may  be  seen.  The 
BubKtauee  of  Broadbent's  descriptiun  ia  subjoined.-)' 

The  fibrt)3  of  Crus,  Thalamus,  and  Gorpiia  Striatum  always  rnn, 
more  or  lesis,  iu  company  with  odq  uiiotber  to  the  sam@  pa.rt3.  For 
bruvilj,  they  may  bti  spoken  of  as  *  radiating  *  Bbres. 

(But,  wherover  '  racltalin^r '  fibres  go,  Ihitlier  aldo  go  fibres  of  Cor- 
pus CalloEiiim— tiiough  notueccssarily  in  the  same  proportion.  Thaa 
it  h^^jpene,  that  tbosiii  Convolutioiif^  in  wliLcb  *  radiating'  fihrca  ter- 
minate or  coainiuiice,  are  alao  Lilutcmlly  associated  iKrongU  liie 
C%ir|)u«  Calloawm,  and  are  thcrtby  lilted  for  conjoiat  activity.) 

Theae  'mrlialiii^'  and  'callo-^ul*  tibr^a  are  uot  distributed 
equafly  to  fill  tbo  Convohitioiis,  Many  of  the  hitter  do  not  re<;ci^e 
&  single  fibre  from  Crus,  Thalamas,  CorpQs  Slrialtira»  or  Corpus 
Calloauni,  but  huve  only  aa  indimci  cotnnmnicatioa  with  the  cen- 

*  Broadbent  says  ("  Journ.  ofMcnt.  Science/'  Ap.  1870,  p.  P) 
"  A  cotafmrison  again,  of  tlift  aectiopal  area  of  the  fibres  tlias  seen 
isi^uing  from  the  Central  Ganglia  with  ihs  area  of  the  Crua  au  it 
emerges  from  under  the  Panij,  will  ihovf  that  the  ascending  fibre!! 
have  be«n  largely  reinforced  by  additions  from  the  Cauglia,'* 

t  "  Brit.  Mtid.  Jurirn./'  April  8,  lif7*j,  p.  -4^3. 
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tral  ganglia  or  great  comniisaure>  bj  means  of  loop^  6br«« 
infi  to  them  from  Con  volutions  which  are  directly  connected  with 
'  rudiiiting  *  and  *  callosal '  tibrcs. 

Tho  followiug  Bummary  statements  mndo  by  Broad- 
bent  *  in  rcrranl  to  the  exact  tliatribution  of  the  *  radiat- 
ing '  and  '  callosal '  fibres,  and  as  to  tbe  Convolutions  to 
which  they  do  not  proceed,  will  be  found  to  cootain  im- 
portjmt  pai'ticulara, 

"Tbe  coQv^olutionB  to  which  the  radiating'  and  cnllo&al  Bbrei  go> 
are  chieHy  those  ulon^  the  mnrgina  of  tbe  Hemmphere:  the  mnif^n 
of  the  greiit  longitudinal  fisaure  on  ono  hand;  the  miLi^iina,  sapo* 
rior  and  infeTior,  of  the  Sylvian  G^snre  on  tfa^  other,  continaed 
forwards  by  tbe  inferior  frontal,  backwards  by  the  inferior  ocd pi* 
ial  gjri,  to  the  frontat  and  oc^^ipitnl  extremilics  of  the  HetDigpbere 
rcapeclivety,  which  are  well  supplied;  tlie  free  margin,  agfUQ» 
formed  by  the  bippocampus  major.  To  tlicwe  , must  be  added  tlie 
aacetidin^  convolutions  on  each  Hide  of  the  autcua  of  &:tlando, 
named  ascending  frontal  and  parietal,  or  aojnctiitiea  anterior  luid 
posteriijr  ascending  parietal;  and  perhaps  the  aecond  frontnL 
Calloeal  tibrcs  paaa  more  abundantly  to  tbe  margin  of  tbe  Ioq^- 
iudtnal  fieanre;  radiating  fibres  to  the  Sylnau  border  of  the 
hemisphere." 

The  Convolotions,  on  tlie  other  hand,  which  receive  do  '  rsdiatiDg 
or  '  calloHal  *  fibres  are  "  all  thoue  on  the  Hat  internal  Bnrf[u>e  of  tbe 
h*?mi?phere»  those  on  the  inferior  aspect  of  the  temporo-sphenoidul 
lobe  and  orbital  lobnfe,  the  convolutions  of  the  island  of  Reil,  and 
those  on  the  convexity  of  the  occipital  and  parietal  lobes  not  near 
either  margin*  as  far  t'orwanla  aa  the  flFcending  convolution  which 
bes  behind  the  stilcas  of  Rotando."  Brnadbent  adda:— **It  may 
aeem  Iobs  titratige  that  there  are  oonvolntions  without  central  or 
callosal  tibrea,  if  we  recollect  that  nowhere  do  tliese  Jibrc*  p<U9  to 
the  gre\j  mniter  within  ihfi  snJait  but  only  to  ike  eresU  of  ike  ^  ' 
■0  thai  htj  far  the  fjreater pari  of  ilic  eotti^     xcithoHt  fJkfm/* 

The  same  inTeBtigator  also  saya  : — '*  Tho  GtatemeDt  that 
the  fibres  of  the  Crua^  Thalamus,  Corpua  Striatum,  Bud 
Corpus  CalloSTim  always      together  to  th^  same  conroln- 
tion,  may  appear  to  go  beyond  what  is  demonstrablo^ 
•  Loc.  cit.  p,  433. 
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Beeirg  tliat  thej  are  so  mixed  up  fis  not  to  be  traceable 
Bcparatel_y ;  ami  it  is  not  quite  what  mii^lit  havo  been 
expected."  At  certain  parts,  however,  ua  Broadbcnt 
points  out,  a  triple  if  not  a  quadruple  mode  of  supply  ia 
easily  shown,  and  in  illustration  he  cites  the  following 
facts  * : — 

The  librea  which  pass  to  llie  tip  of  the  Occitntal  Lobe  from 
three  of  these  aourcea^  viz.,  Corpua  Stnutum,  ThalamuB,  aud  Cor- 
pa3  Calloi^nm,  form  dibtinct  jnayBca  at  iWir  poitit  of  departure, 
and  only  blend  witK  otie  anuther  notir  their  termination  in  the 
Convolutions. 

A  similariy-iMJeiieuJcat  conimuiiiorition  exu-^tg  with  certain 
Convolutions  bo  aitualcdt  that  in  onlcr  to  reach  them  fibres  oi 
one  or  other  of  the  three  order*  in  (jnt'stion,  have  to  take  an  eitra- 
ordinarjr  coorae.  Thus,  the  Convolutions  nt  the  anterior  fxtremttj 
and  of  the  nppeF  margin  of  the  Temporal  Lblje,  are  directly 
connected  with  (1)  the  adju^^ent  Corpus  Striatum,  by  Hhres  which 
Blretch  across  the  Basure  ol  Sylviua;  (2)  the  fibres  of  the  Tbala- 
mna,  to  the  same  convolntiona,  are  given  off  from  that  pnrt  of  it 
which  bends  round  in  the  roof  the  descending  oorun  of  the  ven- 
tricle, whence  thcEe  nfTcrent  fibres  diO'uae  themaelves  bo  as  to  reach 
the  ConvoIatioDtt  iu  the  regiona  f^peciSed;  whilst  (3)  the  '  commifi- 
siiral '  fihrts  for  these  same  parts  are  chiefly  represented  by  those 
of  the  Anterior  Comraiaatire,— which  from  a  functional  point  of 
view,  IB  to  be  regiirded  as  a  detached  portion  of  the  great  tnina- 
TCrse  coinmiH&iire  or  Corpus  Calloanm.  The  *  com misanral '  fibres 
are,  however,  alao  reprt^aented  by  certain  anterior  fibrea  of  the 
Corpna  CulJoaiim  itaelf,  which,  near  the  anterior  perforated  space, 
eroBB  to  the  apcJE  »f  the  Temporal  Lube. 

Even  mnre  exLraordinary  ia  the  BepaniU  cour.<e  taken  hy  tbofio 
of  the  three  yets  of  fibres  to  which  we  aru  referring  that  happea 
to  be  in  relation  with  the  Hippocampus  Major.  This  stmctare^ 
Broadheat  says, — **h  ia  coaimuaication  with  the  Corpus  Striatnm, 
at  its  uncinate  extremity;  with  its  fellow  in  tlie  opposite  herai- 
sphcrfi  by  the  reflected  part  of  the  epleuiiun  corporiH  callosi, 
which  I  have  called  the  commisaare  of  the  hippocampi  ;-f  but  its 
I  ♦  Loc.  cit.  p.  4^3. 
I  t  Corresponding  with  the  *  psalterial  fibres  *  already  referred  to 
I    in  a  previous  cbapt  r  (pp.  273,  274). 
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iiiuatioa  on  Xhe  oui^r  sidi^  of  the  grent  irunsvcrse  fissure  of  tl 
bmin  ef^eina  to  cut  it  off  from  the  Thnlnmiia.  The  oonnrclio 
howevL*r,  is  effectctl  bj  tiits  fibres  of  the  Foriiii,  which,  hh  w 
known,  ari^ie  from  the  ThaliLinua,  tiniVt*  a  6^re-of-S  turn  in  I 
corpora  ulbicaDtioH.  then  take  tlie  circuit  upwards,  and  thi^n  bar 
wards,  described  by  Uub  body  (^i.e.,  the  Fornii],  and  pass  to 
Qippocampaa  in  iUe  ta^uio,'^ 

3— The  Microscopic  Anatomy  of  the  Cerebral  uon- 
volutions. 

It  liafl  been  already  statefl  that  the  Convolutions  dilTer 
much  as  regards  tLeir  relalioiia  to  cue  another^  to  the 
Central  Ganglia,  and  to  the  fibres  of  the  Crus* 

All  the  Convolutions,  however,  present  certain  comm 
characters.  When  a  section  is  made  through  either  one 
of  them  in  a  direction  traoBverse  to  its  long  axis,  a  stem 
or  projection  of  white  matter  is  seen  conlinuoua  with  the 
'  white  substance '  of  the  hemisphere,  External  to  th" 
white  Rubstflnee,  a  BTiperGcia!  Inyer  of  Grey  Matlor  exists, 
having  nn  avera^^e  thickness  of  about  one-fourth  of  an 
inch,  which  h  contiououB  over  the  whole  external  surface 
of  the  HemiiHphere — since  it  lines  the  *  aulci  ^  as  well  as 
the  Convolutions  (fig.  158), 

This  layer  of  cortical  Grey  Matter,  hna  a  greater  depth 
over  tho  frontal  and  parietal  than  over  the  occipital  con- 
Tolntions.  lU  speeilic  gravity,  moreover,  varies  in  the 
sitnattons,  heiu^  often  three  or  four  degrees  higher  in  Hw 
occipital  than  it  is  in  the  frontal  refrfun  (10S2  :  1028) — 
whilst  that  of  the  parietal  convolutions  is  more  or  less 
intermediate. 

In  the  grey  matter  of  tho  Ocvipitul  Lobo»  esjieeially  that 
of  the  Convolutions  of  its  inner  and  inferior  surfarre,  u  dis- 
tinct lamination  is  geniirally  vitry  apparent,  either  to  the 
naked  ^ye  or  with  the  aid  of  a  [Hjcket  leua.    These  cou- 
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TolatioQS  were  examiued  and  originally  described  by 
Lockhart  Clarke*  in  1SC3. 

H&  observed  the  divergence  of  buudlce  of  fibres  in  a 
fan-like  manner  from  the  central  stem  of  white  siibstauce, 
and  thoir  pui^sage 
between  long  ver- 
tical groups  of 
rerve-celb  situ- 
ated in  the  deeper 
grey  kyera  {fig. 
1^9),  Some  of 
the  fibreSs  he  be- 
lieved»  were  con- 
tinuouH  witli  ibe 
proeesrtoa  of  the 
cells^  wliikt  others 
turned  round  nud 
pursued  a  hori- 
zontal course 
(either  in  a  trana- 
yer9&  or  iu  a  lon- 
gitudinal diroc- 
tioii).  The  biai- 
dlds  of  fibres  iu 
this  manner  be- 
come reduced  in  size,  and  at  the  ^ame  time  the  com- 
ponent libres  become  finer  as  they  approach  the  surface^ — 
apparently  in  consequence  of  the  branches  which  they  give 
off,  in  their  course,  to  contiguous  nerve  cella.  When  they 
arrive  at  the  third  Iiiyer  from  the  surface,  they  "  are 
luced  to  the  fiiiOKt  dimensions,  and  form  a  cloiie  net- 
rork  with  which  the  nuclei  aud  cells  are  in  connection,*' 
The  two  layers  snperficial  to  this  are  paler  in  colour  and 

♦  rrftceed.  of  Hoyal  Society,  vol.  lii.  p.  716. 
'>0 


Fin  Irtfi.  — TraTiB«MK  BHtlnh  tlirotigh  ,ujt*Hfif  iwrt  oi 
loft  FrmittLl  IjisUe,  allowing  iilanpc  tif  Cniitaliitluiiii  uiiil 
roUUve  thick it>i3ii«  of  Oney  lAnttcr.  a,  Tinrd  frjiiliil 
Cnriruliitfaii^  a  mt|^{flt:d  Msutiun  of  wbicli  ia  abnwu  la 


uutermoai    layer  1 
tinuity  with  the  tj 
nieinLrane    (the  ^ 
covers  tlie  whole  ( 
ftiid  dijjs  (lawn  heii 
The  fibres  of  thi 
itaelf  are  crosseil  1 
liqqely  by  n  varial) 
fibres,  generally  m 
its  base,  where,  ad 
Clarfce,  they  croaa 
directions,  ThesaJ 
■  'usist,  for  the  loj 
iuissural  iibres/  be 
scribed  in  the  next  & 
Otlier  iQTestJgatiJ 
mined  tlie  stnictnre 
in  seveiiU  Convolalii 
ferent  parts  of  th«| 
tht>agh  differences  ol 
is  nevertheless  roDsi 
in  the  type  of  struct^ 
much  of  the  FrooUl  i 
Meyiiert  descr]be&j| 
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ment  of  tho  constituenta  of  these  layers,  as  seen  in  a 
section  tht'ough  the 
'  third  frontal '  coq- 
Tohition  (fig*  15U). 
Quit©  recently, 
moreover,  Be  van 
Lewis  and  ILClarlie 
have  described  a 
Tcry  similar  arraiiffe- 
ment  of  nerre  ele- 
naonla  in  tho  '  as- 
cending frontal'  and 
other  adjacent  Con- 
voIattoDS.  Their  pa- 
per ia  accompanied 
by  excellent  illus- 
tration b** 

Tlioygive  ihefullow- 
itig  di^iicription  of  llie 
(ire  lByf^ra  of  the 
ci?ndiug  frontal '  —  he- 
^mzsing  witK  tliO  most 
Bitperticial.  TIiq  first 
i»  a  dvljcutf*  friable  strttr 
tarn  coiitaimng  no  real 
nerve  elGm«nt».  ]t  is 
madf?  up  of  the  tisoal 
network  of  'neurogUn' 
viih  finely  granular 
mat rix»  ia  w hich  are 
distiibutL^d  namerons 
Miuivll      nuclei  and 

Fku  IQO.— Ltfffs  PTinmlduJ  Cfltl,  wtUi  itx  procesMS,  from  fourth  Ujar  at  Cartlost 
Ctfey  MAtt^'T-Ao-dallfMi  'Giiuit  Cell.'  (d^urcot.)  a.  Ilodj  uf  Itoc  Cell  UpciHug  Bwnj 
Into  4  hraoolitKl  p;^>TiunldaJl  pn>1otiKiitU'n  ;     lu  'i^aX  {•'r^Um^timi  cud^b  iata 

i^Utiim  witb  {r},  tbti  white  flbro*  of  tliu  Cntivolviiliin  (hl^l^  nui£iilClotl>. 

•  Proceed,  of  Royal  Society,         p.  38. 
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branched  conncrtive  tieeite  celU.  The  second  kjrcT  Ims  about 
Bame depth  aa  the  ^nt;  totbc  nak^d  eye  it  iij  appHrentusa  revldm 
grciy  bnnd  abruptly  marked  off  from  the  pale  layer  benpHth  it.  0 
microscopic  c:xamination  it  found  to  consist  **o{  a  scriei 
cloBfly  ng^regateA  pyramidal  aDil  nval  cells  of  etnflll  siie.  wh 
»picftl  proccBses  are  arranged  radially  to  tbe  surface  of  tlio  cortex. 
Numerone  other  ]iroceB8eii  [iri»c  frotii  the  basal  angles,  and  rsdiate 
outwards  and  downwinrdi  frorti  the  cell,  iricludiDg  an  extensive  area 
in  their  distribution."  Each  of  tbeite  eclla  coMtaiDA  a  large  nvelens 
of  ronncl  or  pyramidal  form.  The  tbird  layer  ie  aboat  three  timea 
m  broad  aa  the  last  aiid  cont-ainu  nerve  clementa  of  precUdlj  the 
flame  kind  except  that  they  are  larger  and  not  nearly  bo  cIokIj 
packed.  The  ceVla  seem  tiniformly  to  increase  in  size  from  above 
downward^,  and  in  the  lowev  jjart  of  this  strtitani  they  arc  two  or 
three  limea  a»  lar^fe  as  those  of  the  secotsd  layer.  Thia  Btat*-menL 
ia,  however,  subject  to  the  qoalification  that  some  smaller  cAln  tmln 
throughout,  interspt^red  ataoiigj^t  those  of  larger  aiae.  The  fourth 
layer  is  not  radically  did'crcnt  from  th^  laat.  It  ha*  otilf  ai>out 
one-third  of  iU  depth,  and  dinVra,  moreover,  by  reaaon  of  the  great 
increaae  in  the  size  of  its  cella- — otkerwisa  aimilar  iq  type,  Iji 
consequence  of  their  DOnaiderubly  Euperior  aize  the^  celld  appear 
to  be  more  cloaely  packed  Thoy  are  on  an  average  abnat  three 
times  as  long  sad  broad  as  those  of  the  third  luyer.  Intenapersfll 
between  them  are  a  naniber  of  small  angular  cells:  and  in  certain 
portiona  of  Hm  *  frontal  convolution '  the  small  cells  alone  exist  as 
representatives  of  the  fourth  layer— the  above  described  largv^  or 
Bo-called  'giant  cells/  being,  in  these  parta,  wholly  absent.  The 
fifth  layer  ai^am  much  broader  than  the  fourth.  It  eon^ins 
irregularly  fiisiibrm  or  spiudlo-shaj>ed  o^^lla  of  a  amatler  and  pr«Uy 
uniform  size,  oflea  arrnnged  in  irregular  colamnt  owing  to  the 
interposition  of  the  bandlea  of  medullary  Bbres  which  aacend  from 
the  subjacent  white  xnatttr. 

More  rf'ccnt  obaermtiona  etill*  huvo  shown,  (1)  that  in  many 
other  portions  of  the  Cerebral  Hemisplierea  a  six-  rather  than  ft 
five-laminated  Cortex  is  fonnd  —  the  additional  stratum  in  ths 
aix-laminated  regiona  beinj?  produced  by  the  interposition^  betwcctt 
the  above  described  *  third  *  and  *  fourth  *  layers,  of  one  containing 
•*  small  pyramidal  and  ang-alar  cells  *^  (2)  tliat  the  Rvedammiitcd 

*  St«  B«van  Lewia,  "  On  the  Comparative  Strnoture  of  th« 
Cortex  Cerebri,"  Proceed,  of  Royal  Soe.,  Jane,  1879,  234 
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type  of  Cortex  is  mast  distinct  in  tlioae  parts  of  the  frontal  and 
purietal  convolutione  which  conatitute  the  exciUlile  or  ao-tiallcd 
I  'motor  area'  of  Ferrier  (ace  p.  &rr»),  though  ia  by  far  tho  largeet 
part  of  the  Homispheres  tl:e  convohiliona  have  rather  a  bik- 
Inminated  type:  (3)  that  iti  the  tive-laniiiiateJ  regions  the  so* 
jailed  '  giant-cella  *  of  the  fimrth  hiyer  have  genemlly  a  tjrnnpcd  or 
\  cluat«red  arrangemeut,  oirin^  U)  Hivse  btnlitis  exiting  in  irregular 
I  aggret^ationa  (the  'nests  *  of  Bctz) ;  the  principal  esception  to  this 
lying  in  the  fact  that  at  the  bottom  of  the  *  sulci*  (where  tho 
grey  layer  hag  alao  less  depth  than  at  tlie  aummit  and  aideH  &f 
the  Convolationp),  even  in  !hcse  regions,  such  large  ceJla  are  dis- 
posed in  a  regular  but  aoUtary  manner,  bo  that  in  vcrltciif  sections 
they  appear  to  bti  ranged  in  lim^f^r  B^rii^B :  (4)  that  in  the  much 
more  eiteosive  six*lnn)inated  areas  of  Cortex,  in  addition  to  the 
eiislence  of  the  extra  layer  of  small  pyramiLlal  and  angulur  nerve- 
elements  above  referred  to,  another  distinctive  character  is  to  be 
found  in  the  fact  that  the  lart^e  cells  have  in  nil  parta  of  the  con- 
voltiliftHB  thfit  himinar  or  Bolitary  arrangement  which  in  the  ao-cniled 
*  motor  area  *  eiifita  only  at  the  bottom  of  the  'sulci'*:  (o)  that 
ir4ii«ition  regions,  or  convolntions,  exist  where  the  eix-Iumumted 
arrangement  geema  to  be  giving  place  to  tho  fiTedamiuated 
arrangtimentj  and  that  ttlmo»t  precisely  similar  tmnsiliorB  are  to 
be  seen  even  in  the  fiw*  laminated  regions  on  passing  from  tho 
bi>ttom  of  the  *  antci '  to  the  aiJea  of  the  Convolutions, 

* 

Although  thoy  differ  so  mucli  iu  size  the  proper  nerve 
elements  of  the  second,  thii-d,  and  fourth  layers  are 
eeseutially  similar  in  Bhape>  and  there  is  really  do  good 
!i    ground  for  separating  these  strata  from  one  another.  It 
j     may  be  warrantable  as  a  mere  artifice  for  faciliLaltn*^ 
description,  hut  is  not  warrantable  if  tho  fact  of  such 

•  The  fact  that  these  two  layers  (r*.*?,,  the  'fourth*  and  tho 
'  fifth  '  of  the  Bis-laminated  areas)  are,  as  Biivan  Lewis  points  oat, 
nlwaye  developed  in  inverse  proixirlirtn ;  unJ  the  fact  that  where 
the  fonnt-r  is  nominally  ahsent  ii'-*.,  in  the  tive-hinunated  areaa) 
I  **finiall  angnlur  ct'lltj "  atill  exists  iiileruiiJted  with  the  bo  called 
'giant  celli*  ^  mate  it  possible  that  we  have  here  the  ahoTO  two 
layers  merged  into  one.  owing  to  the  eKtreme  development  of  some 
of  tbe  utrvc  elements  othertvii^re  existing  as  small  ptyramidal  cclU. 


e  fourth  layer  as 


P"X  M[  ^flcctton  or  the 
lii»ulDt«i  Uyar  of  the  Hip- 
P^ilHi*  ivr  Comu  Am- 

1**  "iiJiidio  Mid  snwJ!  vuU 

AOdiotely  to  r,  the  pjT*- 
mldal  oalU  *qutTiiIflnt  to  the 

of  tbe  flre-lAtDiiiAtfld  cortex ; 
^  •  atntum  nHlfaLtum,'  «m>! 
"t^^dliw  to  QQtar  biU  of 

i^SJr^i'-*' 


'ganglicinic'  colJs^ 
particular  as  *  It 
cameg  with  it  i 
tions.    Even  ti 
clustered  calh  dx. 
from  similttrjj-ah 
the  ]aver  flliorep  a 
larer  throughout^ 
of  the  cortex  wL 
tLese  ccUb  in  *  ne 
Tfie  most  coDsi 
be  drawn  from  tl 
Mho  adopt  Ferrie 
for  them  to  say  tl 
coutain  '  motor  c€ 
iu  more  than  om 
mere  fact  of  ih^  mt 
of  the  cells  in  cert 
be  taken  as  an  in 
cells  Lave  assumed 
and  are  on  that  at 
nateJ  as   *  gangU 
these  positions  woi 

1.  .  I  *  ...  A» 
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since  the  nerve  ekmciila  of  this  region  are  represented  hy 
a  Single  strattun  of  pyrumidal  cells,  vvliich  differ  also  only 
in  size  from  tlie  so-called  *  fjiant  cells  '  of  the  pflrietal  or 
fronlul  CoiivoIutiouB. 

There  is  in  fu-ct,  in  the  writer's  opinion,  no  valid  reaeon 
for  pupposin^,  as  many  do,  thnt  these  ^giant-cells*  differ 
nt  fill  in  kind  from  others  of  sinnller  and  amaller  size  with 
which  they  arc  intormixGdj  or  which,  in  the  corresponding 
layer,  alone  exist  in  so  very  many  of  t]ie  convolutions  of 
the  Cerebroai. 

Similar  tiuda  of  cell  elcmtiiits  to  tlio^e  fauml  in  the  Couvolotioiia 
the  Hunifin  Brmn.  and  airailarly  armnj^'ed,  are  to  he  found  in 
thR  Cotivolutinna  of  Apea  and  Monkeja, 

In  tower  animals  tbe  greatest  portion  of  the  Cortex  is  alat*  six- 
lamiuated,  but  in  certain  Bpeciul  and  liniited  (tho-igh  varyin^r) 
regiona  in  ench  kiiu],  afivc-IamiimUd  Cortex  exiats.  These  lamiiiuj, 
nucordiDg  to  Bt'van  Lowja,  are  alao,  to  a  i'onsidtjrttbk  extent,  iden- 
tical in  com pofii lion,  thon^li  the  first  {which  is,  xu  the  jnairi,  a  mere 
connective  tissae  layer)  has  generally  a  greater  comparative  depth 
itL  the  8Ucep,  the  Pig,  and  other  lo^rer  aiiimala,  than  in  M[in.  He 
sayaj— "  It  is  la  the  eascnlial  character  of  the  individnal  ccllfl  of 
these  hiyers,  in  the  relationship  of  these  antdomical  units  tlie  oiae 
to  the  other,  and  in  their  (iji'iieml  Jistnlmtiou^  that  we  detect  diver- 
gence from  the  type  normal  to  thu  higher  MajinimJla.*' 

In  Man,  the  Ape,  the  Cat,  and  the  Oceh»t«  the  *  giant'  cella  ar« 
Bwollen  and  more  roondcd  (owiag  to  their  giving  off  a  lar^r  mim- 
ber  of  processes),  than  in  such  timmuls  m  the  Sheep  and  the  Pig, 
In  the  latter  these  cells  are  more  eimply  pyramidal,  and  hare  a 
amaller  namljer  of  inter-connecting  processes.  Such  ceils  art, 
moreover,  scatttred  over  a  wide  area.  But  in  the  Cat  and  other 
Carnivora,  the  area  in  Tvliich  the  *  giant*  cell;*  are  foand  13  very 
restricted — much  more  ao  than  in  Mud  and  the  Qiindnimaaa. 

Again,  according  to  Bevan  Lewis,  a  peculiar  kind  of  *  globose  * 
cell  with  few  cotiaecting  proceaaes,  ia  to  be  found  amidst  the  other 
elements  in  the  eecond  aad  third  htycrs  of  the  L^ig  and  Sheep,  and 
at»o  in  ApCB — ^thoogb  stich  eknients  have  bL'cn  met  with  in  Man 
the  braina  of  Idiots  or  Imbeciles. 
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email  proportion  to  the  fibres  passing  from  one  part  of 
e  BUrfnce  to  anotber," 

rt.  Commimtrf's  cnnuactinfj  similar  parti  in  the  itro 
Jlam'tsjther^a, — Tbese  are  genorallj  spoken  of  under  tho 
name  of  'transTerse^  Commissures,  They  include  the 
Corpus  Cftllosum,  the  Auterlor  Commissure,  tOf*oLher  with 
the  Midille  and  Posterior  Commisaurea*  A  part  of  them 
have  hetn  hitherto  referred  to,  in  the  quotations  from 
Brondhcut's  desoriptions,  as  *  callosat  *  fibres. 

The  Corpus  CalloBum  is  by  far  the  largest  and  nanst 
important  of  all  tho  commissnreB,  Wbeu  the  two  Cere- 
bral Hemispheres  are  separated  it  may  be  seen  as  a  broad 
band  of  tihrca  extending  from  the  one  to  the  other.  Its 
anterO'posterior  dinmeler  is  over  three  inches,  whilst 
laterally  it  extends  into  the  substance  of  each  Hemiaphere, 
where  it  forms  the  roof  of  tho  *  lateral  veutriclea/  On 
Beetion  it  ia  seen  to  be  thickened  at  each  extremity 
fig.  1G2,  27, 

Various  notions  have  been  held  by  older  anatomists  as 
to  the  distribution  of  the  fibres  of  the  Corpus  Callosum 
whieh  need  not  now  be  discussed,  though  it  may  he 
mentioned  that  Foville  thought  its  fibres  served  to  bring 
the  Crus  of  one  Hemisphere  into  relation  with  that 
f  the  other;  and  that,  according  to  Gratiolet,  its  fibres 
iBce  to  brings  the  Cms  of  one  side  into  connection  with 
e  convohitions  of  the  opposite  Hemisphere.  The  invea- 
gtitions  of  both  Meyuert  and  RroaJhent,  howeverj  lend 
them  to  hclieTc  that  the  first  of  these  views  is  altogether 
erroneous  and  that  the  second,  if  at  all,  is  only  very 
[jftrt-ially  true^  since  in  the  main  the  fibres  of  the  Corpus 
CalloKum  serve  to  unite  similar  Ci^nvolutions  in  the  two 
Hemispheres.*  Its  fibres  are  uoi,  howevtjr,  distributed  to 
alike^  but  only  to  some  of  them.  Ajad^  as  before 
♦  "  Journ.  of  Mciit.  Science,"  Ap.,  1870,  p.  18- 
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to  the  convolutions  formiujr  the  tip  and  inBCror  uucler  Eur- 
faco  of  the  Temporal  Lobe*  It  is,  as  Brcradbent  says,  and 
as  other  anato- 
nuhits  Lad  pre* 
viously  recog- 
uizod,  a  sort  of 
accessory  Cor- 
pus CuUositm 
eonnectinij 
those  parts  of 
the  two  Tem* 
poral  LobeH 
which  could  not 
otherwise  ho 
easily  brou<;ht 
into  relation 
with  one  au- 
thor. 
In  aorae  of 
the  lower  aoi- 
m&h  thji.t  have 
!ar*,'e  OHacturv' 
Lobes  and 
*  tracts/  those 


Pio.  IffA-^BorfHontul  Bwtirm  Uiraugb  Itie  C'tirrlinim  at  & 
duepor  loTfll,  aliDwiiig  ILe  Tliinl  VeutTielc  ftnd  tti  Commta- 
JMirc4  and  ttt  rcUtifU*  cif  nadi  L'orpiin  Sdialuui  Ut  thA 
Tuliiiidtir  Hell,  (hjppeyj  Fcrmfs,  h>gctljur  wltli  Velnm 
lHt£rpo*iCuTn  turned  IxuskivvdH  lu  Drd«r  tu  tx-itoaI  Ihe  Third 
Ventricles  2,  Vui^i*  ot  Galen;  3,  stituriur  eitretHity  uf  the 
PlMe4l  body ;  4,  iXs  tufiortur  |>£!duuoliM;  Fofrtcrlor  Core- 
arc  directly  COU-  CommLmiro;  U,  Atitcriur  ConiTnlniirv :      itt-ctlnti  nt 

nnteriw  pUtiint  of  Fomts;  TWrd  or  Hlddle  Vcntriule; 
Uectod  With  one  Grey  oi-  MUJIo  CommlMuM;  Ce>Ti>ua  StrUHiui,  tbu 
AtiritliAl*  ]\  V  "*PP*^  "■''^^  estwmul  fftratu  ot  wliicli  havv  Jiton  elEcci  off ; 
*Wlt>LCer  Uy  n^Thabtmui;  12.  TMnUSdmreirculafii);  U.  U.tKCtinb  ol 
tncanfi  of  fibrfiS  CqnTOlutioBs  of  Uie  laLiunlof  RbU:  ]<t,  Mention  af  tbe  iutm- 

h'  1   f  .    rottttictilnjr  tmcluujq  of  ttie  Cfirpaa  Strinluiu  :  Jlp^wtion  of 

li*U  torm  part  tbo  Whita  SubBtonco  nr  the  H**ml»|»hcw.  Jit  tli«  jwirl  which 
of  this  Antenur  '"t*"™*"  hetwoan  tho  liLiiad  >'r  14ml  the  \ii]^r  i»nn  nt 
_  .  ti)L' Carpn*SlrV.tiim. 

Commissure. 

Thii  Middle  Commissure  is  11  soft  hrid^^o  of  grey 
matter  that  passes  acroi^a  the  '  third  ventricle '  from  one 
Thabiniua  to  tbe  other  (figs.  157,  Th)^  and  may 
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of  Uie  desponding  cortiu and  (2)  tho  '  pedoDclee'  of  tJic  Pineal 
Body,  which  paaa  f*jrwarda  along-  the  Thalaniua  at  the  tipper  limita 
of  the  *  thirJ  vontncle,*  gnitlually  diml^niftthmg  in  bizg  iiad  ot  last 
apparently  hleDding  wilVi  the  *  anterior  piltors '  of  the  Fornix  near 
the  ontorior  exlreinily  of  eat-h  ThalamuB  f 

Many  otlier  stts  of  'commissural  fibres*  esist  on  eacli 
side  vvLose  office  also  is  to  bring-  different  more  or  less 
distant  ConTolutiorts  in  tlio  same  HetniapLere  into  relation 
with  one  another.  Some  of  tlie  pviacipal  of  these  Com- 
luts^uros  are  longitudinal  in  direction,  and  are  die^pogcd  in 
the  following  manner  : — I 

1.  A  great  ^axial  lon'jihulintil  syskm'  runs  through  the  npper 
portiongof  the  Hemispheres.  It  coutaine  Gbrea  fn>m  the  OfcipiUl 
and  TL'mpofal  Lobes  which  paas  on  to  the  tip  of  the  Frontal  lobe, 
receiving  or  giving  fibres  along  this  rotito  to  many  overljring  coo- 
yolutiona. 

2,  The  *lonf}}tudijHil  fijdcm  of  the  fnsi<tdiiK  nnr^inatue*  la  a 
act  of  fibres  situated  at  a  lower  lovcl  than,  the  former*  tbon^h  it 
connectfl  the  same  maia  divisions  of  tbo  Hemisphere.  Its  middle 
portion,  forming  the  band  from  which  it  takes  its  name^  is  to  be 
acen  on  the  lateral  aapect  of  th^  ht^miaphere,  crnssing  the  bwttom 
of  the  Sylvian  ti^Buro  from  the  Frontal  to  the  Temporal  Lobe, 
AnteHorlj  itfl  Hbree  pass  beneath  the  Corpn*  Striatnni,  whence 
some  proceed  to  the  third  frontal  convolution,  rtherg  spread  out 
beneath  the  orbital  convolutions  to  reach  the  anterior  extremity  of 
the  Ccprpus  Catlosum  and  the  conrolntions  at  the  adjacent  margin 
of  the  orbital  region,  though  the  great  Tnajority  of  the  fibres  pasB 
on  beneath  the  orbital  convokitlnna  to  end  along  the  anterior  edge 
of  the  HcTniaphere,  Poeteriorlj,  the  fibres  of  the  fnaicubia  unci- 
tiatns  pasB  to  the  tip  of  the  Occipital  Lobe  and  to  tho  convoKitiona 
alung  the  lower  and  outer  edge  of  the  Hemispheres,  whilst  a  con- 

•  Thifl,  therefore,  wonld  aeem  to  contain  fibres  serving  to  connect 
two  distant  portiona  of  the  sarne  'Thalamus*  with  one  another. 

'f  Ab  these  •pediinclea  *  of  tho  Pineal  Body  are  continnous  with 
one  another  posteriorly,  they  may  form  a  sort  of  'tranuverso  cotn- 
(nissnre*  for  those  regions  of  eaeh  Thalamns  from  whteh  the 
•anterior  pillarg'  of  the  Fornix  proceed. 

J  See  "  Journ,  of  Mental  Suence/*  Ap.  1870,  pp.  10-ld. 


P»8tei'ior  corou,  wlieie  ths*j  become  miiett  witl 
CiilloBiim. 

TliQ  Cotjvoluttnna  od  the  Hal  internal 
sphere,  especially  tii*  ' gyt-uif  fontif^aiitif*  cotsU 
These  latter  are  snid  to  eitend  from  the  *Bntei 
id  front  (Corpus  Strintiim)  ba^^kwarda  over  t 
round  its  po&terior  cxtreiuity»  and  thence,  i 
onwfirda  to  tbe  tip  of  the  Temporal  Lob«. 

5.  Certain  longitudinal  fibres  (*ne?*i?rif  o/  J 
OTi  the  oppcT  surface  of  the  Corpus  Callosom 
sfcie  (Gg.  UjJl).  In  front  they  also  are  sakl  t 
with  the  'anterior  jierfnrat^d  spiice/  whilst 
tiofttitsn  is  doubtful.  Aocor<li[ig  to  FoviJle  thf 
pillars  *  of  the  Fornix.* 

Other  sets  of  *  DoromisBural  libros'  oa 
longitudinal  In  direction,  and  they  sd 
bring  more  immGd'mtelj  adjacent  Convd 
tion  with  one  another-  j 

Wd  still  possess  a  very  inadequate  M 
multitudiuous  sets  of  fibres,  but  it  woisi 
sibl*3  here  to  attempt  to  render  an  acco^ 
been  made  out  in  regard  to  tbem.  A| 
the  best  murked  of  these  connectiona  J 
given  in  order  to  convey  some  idea  of  t) 
relation  existing  between  contiguoua  Cof 
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g^roB  has  complicated  coDnecliaiis  with  th«  adja^^tit  oonvolutiouii 
behind  it»  anJ  large  banda  ol  tibres  fruni  the  posierior 

purt  of  tilt;  hemiti|ihere  by  means  oi  the  axial  lon^^itadmal  system  ; 
it  ia  aUo  cxteriBit^ely  connected  with  the  anterior  parietal  convola- 
lion,  and  aenda  forwards,  deeply,  libr*?B  to  all  the  three  frontal  con- 
volutioDS.  The  second  1ronta[»  besides  receiving  tibrea  horn  the 
ajEial  system  and  [iiarletal  couvolutiDnu,  is  couni'Cted  with  ihc  hrM 
und  third  frontal  gyri,  between  which  it  hes,  by  muncrous  large 
latuinfe,  which  do  not  simply  dip  trmisverbLdy  under  the  interven- 
ing sulci,  hut  run  tortuouwly  forwiirds  or  hui^kwardsf  their  inter- 
twimuga  being  too  complicated  to  admit,  ot  either  description  or 

f  tepre»eatatioii,  I'ibrca,  moreover*  crosa  IranaveracLy  under  tba 
Becand  frontal  g-yrua  from  the  tirat  to  the  third-" 

The  convolutions  ot  the  Temfwrul  Loba  are  most  distinctly  con- 
nected with  others  in  the  Occifpital  and  in  the  Parietiil  Lobea*  and 
Broftiibent  ndda^*  it  ia  "worthy  oi  mention  thut  between  the  infra- 

'  paarginal  Sylvian  and  parallel  gyri  8e[faraled  by  the  deep  panilJd 
KulcuB,  there  U  the  tnost  extensive  commissural  couufcliou  to  bo 
found  betwi^eu  adjacent  convoluLiooe  in  the  tiitire  brain."  Recent 

!  physiologictl  exjwriincnta,  aa  wo  ^hall  ee^  in  the  next  chapter, 
render  this  obaervatioa  one  of  great  importance. 

The  bulk  of  the  hbrea  from  the  radiating  convolutions  of  the 
'  island  of  Beil,'  form  £l  thicl^  layer  that  is  in  relation  with  the 
ccmyolutioDS  into  which  its  anterior  and  upper  margins  pass,  viz.: 

\     thosB  of  the  poaterior  border  of  the  orbital  lobule,  the  third  frontal 

'  and  the  ascending  parietal  gyri.  The  course  of  these  fibres  ia  very 
intricate.  Fibres  alao  pass  between  the  convolntiona  of  the  *iatand 
of  Heir  and  the  po&tyrior  part  of  the  hemisphere;  whiUt  a  few 
procfed  from,  or  pass  between,  the  centre  of  the  island  from  the 
overhanging  tip  of  the  Temporal  Ijobe.  No  tibreu  connecting  these 
convolutiona  with  the  Corpus  Striatum  or  Thalamus  have  yet  been 

f  recognized,  although  they  lie  immediately  outside  the  former  body> 
and  may  thertjfgre  recc^ivQ  a  few  Blaments  from  its  extra-'ventricalar 
grey  nucleus. 

I  From  what  has  been  said  concerning  the  distribution  tif 
tLe  fibres  of  the  CWpus  Callosum,  of  the  various  longi- 
tudinjil  sets  of  '  cotnmisKiiral  fibres/  and  of  those  which 
pass  in  different  divectioua  between  more  or  legs  cou- 

*  Loo.  citn  p.  15k 


Ganglia  on  their  road  to  or  from  tl 
Bi'oadbent  points  out,  Itcar  a  Bmall 
fibres  passing  from  one  part  of  the 
either  in  the  same  or  in  opposite  Hem 
it  in  the  phraseology  of  Mejnert,  the 
jectiou  fivstera  '  ore,  in  the  agfjr^'ga** 
pared  with  those  of  the  *  association  s^i 
(\  Cfunmissnreit  hnnftiug  the  Cetrh 
ivilh  (he  Ccrtihnnn, — These  correspo 
known  as  the  Uj^por  Cerehelkr  Podii 
possiitic  that  the  Middle  Peduncles  oa 
eluded  under  this  cate<;orj.    The  di 
parts  will  be  referred  to  in  the  nest  sej 
Peduncles,  though  thej  pass  througj^ 
MedullA,  serve  in  the  main  to  place  j 
relation  with  tlie  Spinal  Cord,  * 

\ 

6.— The  Gerieral  Structure  of  the  C| 
HelattODB  with  other  |^ 

The  Cerebellum  or  *  Little  Brain/  ua 
is  a  solid  orijan  whose  two  halves  are  d 
another.    If  a  horizontal  section  be  | 

U^iddle  of  the  Cpri^beUnm   i^u*rf  wllT  tiau 
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Bulidivision  of  the  surface  of  the  organ  will  be  best  com- 
prt^hendcd  from  ligii,  lt]"2,  165.  TUefne  show  the  rami- 
fied nature  of  tho  iieriphernl  segments  of  the  Cerebellum 
and  the  large  proportional  balk  of  its  surfftco  grey  matter, 
wboii  compared  with  tlic  nui^js  of  ^  white  substiiiico  '  wlii(jh 
tbia  matter  everywhere  uuelosoa,  except  in  the  direction  of 
its  Podnucles. 

Tbo  Pedun- 
cles af  the  or- 
g»nj  of  which 
ibero  are  three 
pftirs,  are  the 
parts  that  servo 
io  connect  it 
with  other  di- 
visions of  the 
Brain  and  with 
the  Spinal 
Cord. 

The  Upper 
PedluncleB  of 
the  Cerebel- 
lum are  lliick 
bands  of  fibres 
that  proceed 
from  lis  au- 
terior  border 

in  a  slightly  convergent  directioii  to  the  posterior  pair  of 
lite  '  quadrigeminnl  bodies,*  beneath  which  they  pass.  In 
this  Bitnation  they  d^citsmitCt  and  the  fibres  of  each  get 
then  proceed  to  a  lar^c  nucleus  of  pjanglionic  miilfcr,  in 
1  the  upper  or  sensory  portion  of  Uie  Crns  Cerebri,  usuflUy 
known  as  the  '  red  nucleus.'  Thence  the  course  of  these 
I     or  of  related  fibres  is  uncertain,  but  they  are  now  com- 


fto.  Ifi."*,— TIjc  U(>pcr  reduiicles  of  tbo  Coreb«llum.  the 
Kuiirlh  V«iilrLclt>,  anj  coatigUMU  parts.  (iiUvip^y,  after 
lIlrncli/vMO  ■>  Mwiiud  frtjore  in  flo-fir  et  TourtLi  Tetiliick; 
t,  whlt«  fll>re«  by  which  tbo  mirJitoTy  ngrve  tennlTUktoa ; 
:f,  Jnfcrior  Cor«b«J]jir  Todtiiiclc:  4.  iiiovletior  mu^lrAn  coJiimn; 

\  sTipcrjor  Ccrelivlliu-  Pcduauld,  citMciiug;  tliA  InfttrU^r  on  Hh 
iHUaf  ■lUi) :  lit  T.  iilip^r  And  )xMt«rtor  ftipMt  of  tlie  Cvrvtjtvl 
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mouly  bt'licved  to  pass  nuder  tLe  posterior  estremily  of 
the  Tlialamus,  fluil  from  this  body  to  different  ref;ions  of 
Ibe  Cerebral  Cortex — tbun^L  thcj  have  not  been  actuHllf 
traced  further  than  into  diflerent  parts  of  Uie  '  corov 
radiata/ 

Nothing,  therefore^  in  known  aa  to  the  parlicalar  Cod- 
volutions  willi  \vhi<?b  Ibe  Ccrebellam  is  brongLt  into 
relation  tbrougb  lljeflc  Ebrea  of  the  Upper  Cerebellar 
Peduncles.  On  the  Cerebellar  side,  however,  these  p*r- 
ticulur  fibres  nre  tbonglit  to  be  partly  in  immetliate 
relation  with  the  cortex  of  the  inferior  pfjrtiona  of  the 
Middle  Lobes  (fig,  165) ;  whilst  others  of  thom,  on  emeh 
»idc,  are  in  conananm\'iition  with,  or  enter  tlie  bag-like 
grey  nucleus  (fig.  16(1)  before  pttssiug  to  ditTerent  portions 
of  the  Cerebellar  Cortex. 

Between  these  converging  Uppiir  Peduncles  there  is  a 
thin  lamina  of  nerve  nintter  known  as  the  *  valve  of 
VieuBs^Qfi'  that  suffices  to  connect  the  Middle  Lobo  of 
the  Cerebellum  with  the  Corpora  Quadrigemina,  This  Ifl 
a  structure  whieh  in  lower  Vertebrates,  such  as  Fishes, 
is  proportionately'  more  developed,  and  serves  to  bring  their 
large  '  optic  lobes  *  into  structural  connection  with  tbd 
only  portion  of  the  Cerebt'Uum  that  they  poesoss,  viz., 
the  Middle  Lobe.  Thifi  lamina  forms  the  roof  of  tbd 
upper  or  anterior  half  of  the  'fourth  ventricle'  (fig,  162), 
and  also  of  the  first  part  of  the  passage  between  thia 
cavity  and  the  '  third  ventricle/ 

The  Lower  Peduncles,  or  '  restiform  bodies  '  as  they 
are  also  termed,  connect  the  Cerebellum  with  tho  Medulla 
and  Spinal  Cord  (fig.  165),  Within  the  Cerebellum  the 
fibres  of  these  Peduncles  are  said  not  to  come  into  rolalion 
with  the  centriil  bag-like  grey  nuclei,  but  to  pass  at  once 
to  different  regions  of  the  coi'tical  grey  mutter. 

The  inner  portion  of  each  Lower  Peduncle  appears  to 
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be  niacle  up  by  the  ceutvipetHl  prolon?:aUnnH  af  llie  Audi- 
tory KervQ ;  the  librea  of  ivLicL  arc  Iracettblc  fiT>m  its  own 
*extornal  uuelous*  to  the  '  iiucIcLts  dii  toit '  of  SlilJing  on 
the  same  aud  ou  the  opposite  Bide,  KuL  tlic  outer  pt^rtion 
of  the  Petluu- 
ele,  Meynert 
«tys,  is  de- 
rived from  the 
Opposite  *  pos- 
terior culamn* 
of  the  Cord  in 
the  following 
matiuer.  The 
hbruB  of  the 
posterior  nie- 
dian  cohimn 
( '  funitiulus 
cuiieatua  et 
gr&cilid  *)  eu- 
tor  or  come 
into  relation 
with  the  fjang- 
lioa  cells  of 
the  corres- 
ponding '  oli- 
vary borly ' ; 
thence  they 
cross  tlje  nie^ 
dian  line  of 
the  Medulla, 
behind  the 

*  anterior  pyramids,*  lo  pass  round  the  opposite  olivary 
l>ody  before  einerf^ing  in  the  form  of  '  arcuate  £bi^s  *  at 
the  posterior  and  lateral  region  of  the  Medulla*  Here  they 


Fio.  lUe.-Tlie  MMrlle  rcroiielliir  Ik-duneks  ftufl  r&Tl«, 
«rltli  ITipTitfi^inuH  PortH.  (HMpi<cy.  uftut  llim-jirL'li'l.)  ], 
Optio  CnnunftAUto ;  a»  Twber  CJimreimj  and  I'UulUs-y  pod- 
Icio;  3,  Cnrpon  TtuuniuiUarlA. ;  Intcft'peduticuliir  Nf*co  ^ 
5,  Ccrebnl  poduncl*;  C,  6,  M«(JUk  grmve  uu.  Toni,  witii  ("J 
n  itUi^ht  twoTohicncG  on  each  did?:  H,  (Jlitfin  of  tl;o  ttljfe- 
nvlium :  0,  suporfcT  truiisvonu}  fibre*  nf  the  Porw  ;  10,  lUj  it* 
tiiL-thati  ELbrca  ;  IL*  Its  jMvrt,T  fi^^rca  dipi'^n^  beiiCAtb  tLo  fur- 
niw;  12,  J?.  TnTiiijle  L'ereltpllAr  pvtltinclw,  formed  by  the 
union  uf  ihem  *Jirw  aola  Al«reA;  tb*  left  ptdunclo  In 
divided  iiour  tU  mi^n,  ibo  Hgiit  la  in  pnrt  dkwiVHrttfd  out. 
VA,  SpUnil  Cord;  U,  mediui  ^tlTaw  of  the  MudnUn;  15.  U, 
dcrqxeation  uftliu  prniRiida<U)^  17.  UUtrurr  body;  1!!,  Anrl- 
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throw  tliomselves  into,  and  ascend  as  part  of,  tbe  Ia> 
Peduncle.  Tbiia,  the  fibres  of  each  *  postorior  colninn  * 
siuk  beneath  the  sniface  of  the  S|nniil  Cord,  and  after 
passing  through  the  correaponding  'olivary  bod^^  *  an^ 
thence  crossing  the  middle  h^ne  of  the  Medulla  and  p&sa- 
iog  round  tha  opposite  *  olivary  body,'  they  emerge  M 
parts  of  the  *  restiform  body '  or  Lower  Peduncle  of  ib« 
Cerebellum-  This  arrangemeut  is  not  to  be  re^rde*i  aa 
established  beyond  the  reach  of  doubt ;  it  is  in  fact  deui 
by  Liiyt^. 

The  Middle  Pedunclea  together  form  the  'pons  Vitrolii,' 
The  fibres  of  each  {ti^.  1G6)  emerge  from  diflfercut  parts  of 
the  cortical  substujice  of  tlio  correspoudi»pf '  lateral  lob©  * 
the  Cerebellum  ;  and  whilst  a  few  of  its  fibres  are  believed 
to  be  *  commiwsuml '  in  nature,  and  merely  to  pass  acros 
from  one  to  the  other  of  those  Literal  lobes,  the  majority 
of  ihe  fibres  of  one  side  deeusaate,  at  the  middle  line^ 
with  those  of  the  opposite  Middle  Peduncle.  By  Ihei 
inten-ention  each  half  of  the  Cerebellum  is  brought  inlo 
relation  either  with  the  motor  fibres  descending  from  th« 
opposite  Corpus  Striatum  (in  the  correBpoiiding  Cerebral 
Peduncle) ;  or  else  with  some  of  the  cells  of  the  Corpoa 
Striatum  itself,  owin^  to  some  of  the  Cerebellar  pednn* 
cular  fibres  bending  upwards  from  the  *  pons '  to  end  in 
these  ganglia — ^jufit  as  others,  taking  a  similar  coarse,  aro 
thou^^ht  to  pasB  through  them  on  their  way  t«  the  Cere- 
bral Convolutions. 

All  that  is  positively  known  is,  that  each  'lateral  lobe* 
of  the  Cerebellum  is  pnncipally  in  relation^  through  its 
Middle  Peduncle,  with  the  '  motor  tract '  from  the 
opposite  Cerebral  Hemisphere.  And  this  fact  iteelf  is  one 
of  some  importance^  Hince,  amidst  all  the  othf^r  doable 
couceruing  the  Cerebellum  it  would  seem  pOGitivcly  to 
imply  that  the  balk  of  the  fibres  of  these  particular 
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Peduncles  are  'oulgoiiic;'  or  motor  fibtes — a  conclusion, 
which  is  hflrmonious  with  other  eviilonca.  Whether,  how- 
ever, theiG  ar<3  points  of  junction  with  cerebinl  motor 
fibres  of  the  opposite  side  in,  or  in  the  neighbourhood 
of,  the  •  pons  '  itself,  as  LuyB  icoagines  ;  or  whether  bucIi 
cerebellar  fibres  really  pass  upwards  to  the  culls  of  the 
Corpora  Striata — or  even  beyond  them,  to  some  portions 
of  the  Cortex  of  the  Cerebral  Hemispheres— are  details 
i;v'hich  cannot  at  present  be  decided. 

6 —The  Minute  Structure  of  the  Grey  Matter  of  the 
Cerebelliim* 

The  cortical  Grey  Matter  is  uniforra  iu  appearant^ 
all  over  the  innumerable  folds  of  the  surface  of  the  Cere- 
bellum. To  tho  naked  eye  it  is  divisible  into  two  layers 
(fig.  1C7),  an  outer  clear  grey,  and  an  inner,  as  well  as 
narrower,  greyish  red  layer.  Within  the  grey  layer  of 
each  fold  is  a  stem  of  white  substance. 

In  the  deepest  part  of  the  outer  layer  there  ia  a  single 
TOW  of  large  ganglion  cells  toiJo  ^  Fo o  ^^^^ 
diameter,  whose  large  brancbingarms  ramifytbroughout  the 
whole  of  this  Btratum,  becoming  finer  as  they  approach 
the  surface  (lig,  167,  h).  The  ultimate  ramifications  of 
these  nen*e  processes,  together  with  a  kind  of  counectiTe 
tissue  substance,  unite  to  form  a  most  delicate  matrix  of 
fibres,  amidst  which  are  interspersed  a  number  of  small 
corpuscles.  These  are  either  mere  nucleoid  bodies  or 
small  angular  cells,  and  like  tho  similar  corpuscles  in  tho 
grey  matter  of  the  Cerebrum  it  is  impossible  to  say  which 
should  be  regarded  as  belonging  to  the  connectiTo  tieaue, 
and  which  have  a  right  to  the  title  of  nerve  elements. 
Many  of  them,  as  AV.  H,  O.  Sankey  bus  ascertained,  are 
in  direct  continuity  with  the  ramifications  of  the  ganglion 
cells.    Running  along  the  inner  part  of  this  layer  across 
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the  direction  of  the  large  branches  of  the  gUDglioo  ce 

arc  a  uumbor  of  fine  ncrvo  fibres. 


Fio.  IVT,-Gny  Mntter  oi  this  roroVlIum,  SecHMoii  of,  TdAj^iIfiisI  ftbonft 
dlamotim.  t8liRrp«j',  aSier  IkinkeyJ  a,  pia  niatcr  (rf  CwetoUum  X  K  <nJtef 
U^'^cr;  r,  ^Tviit  Hiinj[U)iu  culla ;  (/,  inaer  gref  l«li-r«d,,Dr  •o-K^lkd  grrLiiiili^  tajrcr; 
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TLe  gieat  gftD*;lioii  cells  eocroach  upon  tlie  outer  border 
of  the  noxt  stratum,  which  ig  the  Ro-ralled  '  graiiulo  layer.' 
Here  are  inaRsed  together  a  iiiultitntie  of  corpuscles  iVora 
TiMJu       aisVo  ^'^  dijinietor,  very  similar  to 

those  more  sjiariugly  scattered  thron^^h  the  outer  layer. 
The  inner  process  of  each  large  ganglion  cell  is  said  to  be 
Blnf;le  and  undivided,  but  as  it  is  very  iine  it  is  soon  lost 
to  view  in  the  dense  *  grannie  layer  '  into  which  it  passes. 
The  mode  of  connection  of  the  central  stein  of  white  libros 
with  the  granule  layer  and  with  the  elements  lying  ont- 
fiide  it,  is  at  present  very  iinctTtaiu.  'Granules,'  or  cor- 
puscles of  the  same  kind,  are  also,  thongb  laoi'e  sparin^^ly, 
scattered  through  this  white  substance. 

It  seema  most  probable  that  some  of  the  fibres  in  each. 
Etem  of  white  subKtance  are  '  afferent,'  and  that  others 
conduct  'efferent'  impressions  or  impulses.  The  former 
fibres  may  divide  in  the  *  granule  layer,'  bo  as  to  come 
into  relation  with  two,  three,  or  nnore  of  the  great  ganglion 
cells;  and  the  outgoing  stimuli  may  pass  from  these 
groups  of  cells  through  their  ramifying  branches  in  the 
outer  layer,  and  thence  through  continuous  rootlets  of 
'outgoing'  fibres  which,  coaleecing  as  they  go,  pasB 
through  the  *  granule  layer,' and  away  through  the  stem 
of  white  substance. 

This  latter  is  a  hypothetical  arrangomentt  but  one  which 
seems  to  the  writer  to  he  most  in  accordance  with  the 
actual  structure  of  the  grey  matter  of  the  Cerebellum* 

7.— The  Central  Connections  of  the  Olfactory  and 


Optic  Fedanclea,  as  well  eis  of  other  Cranial 


%  The  Olfactory  PednuclGs  or  'tracts/  and  the  Optic 

Peduncles  or  '  tracts '  are  generally  regarded  as  Bome- 
thing  different  from  ordinary  nerves.    They  are  looked 
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upoD  aa  spcciftl  out-g'iowtha  or  prolougfiLioDS  from  ttie 
Brain-  A  diatinction  of  tbia  kiud  is  uiul»ul>tedly  legili- 
niat«  in  regard  to  many  of  the  lower  animals.  It  is  bo, 
for  instance,  in  Fifihea  as  as  in  some  KepLiles  auJ 
Mammals,  in  winch  tlie  Olfactory  Centres  are  extreinelj 
developed ;  and  also  in  Iiigecta  aud  Cephalopoda  in 
^vhich  tLe  eyes  and  Optic  CeDtrea  are  very  largo.  But  in 
Man,  in  whom  neither  the  Bense  of  Smell  nor  the  Bensi*  of 
Sight  is  so  inordinately  develojiecl,  and  in  whom  tbe  cor* 
respoDtiing  primary  Centres  are  relatively  small,  any  such 
distinction  is  less  obvious.  In  Lis  case,  indeed,  there  is 
BO  good  reason  for  maintaining  it^  in  regard  to  the  Opti 
Mntcts,'  since  these  parts  differ  little  in  appearance  from 
ordinary  nervea.  There  is  more  reason,  however,  for  such 
a  distinction  in  rcftn-cnce  to  the  Olfactory  'tracts,*  beeauB« 
even  in  Man  the  Olfactory  Ganglia  exist  as  outlying  po" 
tions  of  the  Brain,  frora  which  minute  Olfactory  Ne 
descend  to  the  ua^al  passages^ 

The  course  and  coutrul  connections  of  tb^se  p 
require  to  he  briefly  Bct  forth. 

The  Olfactory  '  tract  *  ifi  connected  with  the  posteri 
region  of  the  orbital  Buiface  of  the  Hemispbore  by  thr 
roota  ;  of  these  the  external  goes  ontwards  to  tbe  inferior 
extremity  of  tbe  Temporal  Lobe  of  the  same  aide,  as 
may  be  easily  recognized  lu  those  Mamiaals  in  which  the 
Olfactory  Lohea  are  large,  tliongb  only  with  sumedlfficultj 
In  Man.  The  innor  root  enters  the  Hemisphere  near  itm 
inner  border,,  and  a  little  in  front  of  the  Optic  Com- 
missure* The  further  relations  of  the  fibres  of  the 
Olfactory  Tracts,  aud  the  fact  that  they  come  into  relati(>u 
on  each  side  with  Convolutions  of  the  corresponding  and 
not  with  those  of  the  opposite  Hemisphere  will  be  subs^ 
qucntly  referred  to  (see  pp*  483,  489), 

llie  Optic  '  tracts'  are  the  continuations  of  tho  Opt! 
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Nerves  batrknanls,  behind  llie  Optic  ConjinisBiire.  Each 
'tract'  m  in  contact  with  and  turcs  round  the  outer 
lioj'der  of  the  Cerebnil  Peduncle,  becoming  flattened  as  it 
proceeds.  Here  ciieh  of  Ibcm  cornea  into  relation  with 
two  SDifiU  gaugliouic  nodules  (known  respectively  aa  the 
inteinftl  and  extornal  '  geniculate  bodies  *)  aitunted  at  th© 
posterior  extremity  of  the  TLnlaraus  (figs»  168,  i;  150, 8), 
contignous  to  the  adjaetrnt  anterior  segment  of  the  Quadri- 
geminal  Bodies,  with  which,  as  well  as  with  the  Thakmna 
itself,  many  of  its  fibres^  if  not  all,  come  into  relation 
before  heing^  continued  onwards  to  certain  ro^ioiis  of  the 
cortox  of  the  eorrespondin*,^  Cerobral  Hemisphere. 

Althongh  Iho  subject  is  by  no  means  free  from  doubt 
and  uncertainty,  the  weight  of  evidence  eeerns  now  moat 
in  frtvonr  of  the  view  that  the  '  decusaation  '  at  the  Oplio 
CommiHsnre  is  as  complete  in  Man  as  it  is  known  to  be  in 
lower  Vertebrates**  Tbia  subject  will  be  again  referred 
to  in  n  snbfleqnent  chapter  in  connection  with  the  question, 
as  to  what  parta  of  the  Cortex  of  the  HemispbereR  are 
most  intimately  concerned  with  Viaual  Impressions, 
b  Thus  it  would  appear  that  Olfactory  Channels  do  not 
tiecussate  at  all,  and  that  Optic  Chanueh  deeuasato  com- 
pletfdy.  Yet  the  crossing  of  the  latter  channels  takes 
plac«  outeide  the  suhBtance  of  the  Brain,  so  that  in  this 
respect  the  arrangement  differs  from  that  which  will  be 
found  to  obtain  for  the  next  two  sensory  *  Cranial  Nervca/ 
viz.  :  the  Fifth  and  the  Auditory. 

The  poflition  of  the  Fifth  Nerve  and  its  superficial 
connection  with  the  Jateral  aspect  of  the  '  pons  Varolii  * 
may  he  seen  in  (ficj,  168,  v).  Its  sensory  fibres  after 
passing  through  the  '  Gasserian  '  ganglion  are  gathered 
together  into  the  *  greater  root/  the  fibres  of  which,  hko 
th^se  of  the  *  posterior  roots  *  of  the  Spinal  Nerves,  soon 
Ft*rrier,  "  Functions  of  Bruin,"  pp.  70  and  166, 
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cross  OTer  fo  tlie  opposite  side,  anJ  go  to  form  part  of  the 
sensory  tract  or  '  tegnaeiilum  *  of  the  opposite  Cerebral 
Peduncle  (see  p.  478}. 

The  Auditory  Ncivy  enters  the  eido  of  ilje  Medulla  just 
below  tLe  *  pons '  in  close  relation  with  the  root  of  the 
Facial  Nerve,  About  the  subsequent  \ery  complicated 
course  of  its  fibres  we  etUl  have  much  to  learn.  A  large 
BectioQ  of  tb^m,  at  lea^t,  seem  to  enter  the  Cerebellam, 
and  the  mode  by  which  the  oppoaito  Cerebral  Hemisphere 
is  brought  into  relation  with  its  fibres  and  nuclei  of  origi 
is  altogether  obscure.  Meynert  even  says  :* — We  ma/ 
regard  it  as  certain  that  no  extensive  imint'duite  couQection 
of  the  auditory  ntrve  with  the  Cerebral  lobes  exists,  b 
that  Buch  a  connection,  the  existence  of  which  may 
asBumed  as  a  necessary  physiological  truth,  can  only  oom 
to  pass  indirectlif  through  the  Cenhellum,^* 

How  far  this  view  of  Meynert*s  is  absolutely  correct 
cannot  at  present  be  deterniined.  We  do  know,  however, 
from  evidence  which  will  be  subsequently  referred  to  in 
regard  to  Hemi-atirestbesia  (p.  487),  that  a  decussation 
of  auditory  chaunela  takes  place,  and  that  these  channels 
ultimately  become  incorporated  with  other  fibres  of  the 
Cerebral  Peduncles  comprised  within  the  posterior  th' 
of  what  is  kno'^Mi  as  the  *  internal  capaulc* 

It  must,  moreover,  not  be  farfjotten  that,  acoording 
Cyon  (p.  218),  what  is  named  by  him  as  the  Space^ncrre 
(Uaumuerv)  is  ali^o  bound  up  with}  and  forms  part  of  the 
trunk  commonly  known  as  the  'Auditory/  The  intern 
course  of  the  portions  belonging  to  each  of  these  nerv; 
will,  if  this  view  be  correct,  have  to  be  snbsequontly 
determined  and  dilTerentiated.  It  may  be  tlial  it  is  Uie 
fibres  of  this  Space-nerve  more  especially  which  Co: 
into  Immediate  relations  with  the  Cerebellum  (see  p,  500 
*  Strieker's  Hiatology,  vol.  ii  p*  600. 
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The  other  two  sensory  nerves  of  the  Medul'a,  the 
Glosso-phnryngeaJ  and  the  PueumogastriCj  will  be  referred 
to  in  the  next  section.    The  aitaatiou  of  the  *  motor  * 


Fjrt.  IfiS.  — ElililTifild  View  or  pn,rt  of  the  R;\^  of  tlio  Brain  trt  whU-h  tbo  CTnnlid 
h'^ji'Tes  Jir«  atLM:liiKl     (Furrier,  alter  AlkMi  Tlnnamm.) 

On  the  rttfht  elftetho  C4?tiv<'rlutluli«  of  tb&  CclilTiil  luho  (C).  ur  UtAnil  of  Beil,  bAVe 
bean  left,  on  the  Left  tlie  InclMim  hiui  btson  ciirrlt\l  betwcoa  the  Thabimma  fTtt]  nntt 
ths  llontUirlieTa.  I .  OJ/act^ir?  Nerve  cut  Khnrt:  IF,  Optic  r^orrc  In  fi-uitt  uf  Coin- 
!iili«ure;  ir,  (iptlii  tni«t,   r,  Th«  extomtiL  ami  i,  llio  Intflrrnl  'cfrpnn  puiilcu- 

liitiim A,  Filultarf  bod;  ;  tc.  Tuber  olncrvuin  md  infundlbulum  :  a.  otto  of  cur- 
[Hin*  mftmmiUnriA :.  jP,  CarcbnU  peduncle.  HI,  ThJrU  necTu  foculo-mutor);  IV,  Kintrtli 
tMTiro  (pnthtitldLftt ;  P  r,  Pons;  V,  tbo  creator  nx^t  of  VitXh  nerro  (trijcminus)'.  +, 
Tbe  lemuT  ttr  tnut^r  root  ;  ou  tbo  rl^bt  Mtdo  thifl  Lb  placed  oti  tho  GoncHuut  gnSfi^KtJtl. 
1.  2,  3,  TJie  tbrw  dLvijiloius  of  ilio  I'iftli  nyrro ;  U,  Sistb  nerr* ;  vn*.  tbe  F*cliil  j 
Vil^  the  Aiiditnry  ;  VIU.  tlie  Vagtis  or  Fncumogntrtric;  Vlllt»,  the  OlDMO-phuryn- 
V]ll'>.  tbo  Splojil-Acooiiaor; ;  IX,  the  Ilypti-g^lounl :  /f,  Uio  'flncoulm'  ot  (Vro- 
twlbim;  po,  antcrtw  Pyramid:  o.  Olivary  Wly;  r.  R^^Btlfomi  l>ody:  <y,  ftiiit'rf(* 
median  Aiwure  of  the  Spinal  Cord,  above  wljlch  In  the  *dK-u*Mtjon'of  the  Pyraiutdi ; 
ea.  th«  Miterlorj  and  c;,  the  LatenU  coliimn  of  tbo  Spiu&L  Cord.. 


nerves  will  be  seen  by  an  examiaation  of  fig.  108,  though 
no  furtUor  reference  to  thom  is  here  needed. 
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B.—The  Connection  of  the  Visceral  System  of  Nervea 
with  the  Brain. 

The  relalion  of  the  Systemic  Nerves  to  the  Brain  is  not 
essentially  different  in  Man  from  what  obtains  in  the  great 
majority  of  liii^her  Yertebrates.  In  all  alike  the  ViscoraJ 
System  of  Nerves  is  divisible  into  two  parts,  whose 
connections  with  the  Brain  are  partly  •  direct  *  and  parti 

•  indirect/ 

1,  The  Cerebral  Systemic  Nerves.— The  lowest  sej* 
ment  of  the  Hmiu — the  Jlodnlhi— is  placed  in  immediate 
relation  with  the  greater  number  of  the  viscera  of  the 
hotly  tlirough  the  intervention  of  the  Glosso- pharyngeal 
and  the  Vagus,  as  '  ingoing  '  nerveB.  They  connect  it 
with  the  whole  length  of  the  alimentary  canal  below  the 
buccal  cavity ;  with  the  respiratory  organs ;  with  the  heart 
and  some  of  the  great  vessels ;  with  the  liver^  the  Bpleen, 
the  kidneys,  and  possibly  also  with  the  internal  organs  of 
genemtion, 

Prom  the  same  region  of  the  brain  (the  Medulla)  certain 

•  outgoing  *  fibres  are  also  given  off  to  acme  of  the  above* 
mentioned  internal  parts  or  viscera.    These  efferent  or 
motor  fibres  are  not  gathered  together  into  sejiarnle 
trnnke ;  tliey  are  principally  wrapped  Up  with,  and  cou 
stitnte  parts  of,  the  Glosso-pharyngeal  and  the  Spin 
Accessory  Nerves.    The  viscera  which  do  not  receive 

•  outgoing  *  fibres  fi^om  this  source  are  supplied  with  them 
from  the  Spinal  Cord  and  the  nervous  apparataa  now  t 
be  mentioned. 

2.  The  '  Great  Sympathetic '  is  an  elaborate  and 
extensive  system  of  nerves,  and  conf^ists  of  the  follow- 
ing parts: — (''.)  A  gnngUomttal  cord  hing  on  each  side 
of  the  vertebra!,  eotunm,  each  of  which  is  connected  above 
with  the  5th,  the  Gth.  the  Tth,  the  8th,  and  the  9t 
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Fm.  Ift9,^lj«ft  Pnwniwflnlrie  tierw  with  Cl^rv^cal  atid  Thdtfc^tc  Portlonit  thfl 
1,  I,  PtwtffHtgiutriii ;  3,  AUUtotuoMH  ol  the  Pnnimftfpiiatrif!  with  the  n.vpt^cwwj ; 
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pairs  of  Cranial  Norven,  and  alsa  yvith  the  auteriurbrancliea 
of  tlie  several  Spinal  Nerves  aluiig  tbe  whole  length  of 
the  Cord.  Tho  latter  comniunicutions  are  mostly  brought 
about,  on  each  side,  by  pairs  of  filaments  (some  of  wbo^e 
fibres  are  'afferent'  whilst  others  are  'efferent*),  passing 
between  the  several  anterior  spinal  nerves  and  the  corte- 
epouding  gaofjlia  of  the  '  Sympathetic ' — ^the  latter  being 
situated  a  little  in  front  of  tbe  spinal  nerves  {fig-  170l* 
Other  Ganglia*  moreover,  are  found  at  the  jiiuctioDB  of 
some  of  the  above* mentioned  Cranial  Nerves  with  tbe 
lateral  cords  of  the  *  Great  l^ympatLetic/ 

(&.)  Froni  the  ganglionated  cord  on  each  sidej  numeroafl 
internal  branches  are  given  off  which  unite  with  one 
another,  with  those  of  the  oppoKite  side,  and  with  filaments 
of  the  Yagus  Nerves,  so  ns  to  form  either  great  Plerttsea 
or  GtiiujUa,  or  both  together,  whence  multitudes  of  nerves 
are  sent  to  or  received  from  the  various  Viscera.  On  Iho 
course  of  those  latter  nerves  smaller  ganglia  are  often 
found. 

The  principal  Rysfceniio  Plexuses  are  situated  about  Ibo 
heart  and  roots  of  the  respiratory  organs;  in  the  neigh- 
bourhood of  the  stomach  Bolar  plexus');  and  also  in 
the  viciuity  of  the  bladder  and  internal  Drgans  of  genero- 
tiou. 

Tbe  nerves  in  connection  with  those  Plexuses  which 


%f  Iti  uiutCKtOfWH  wUb  q  brancb  of  tbu  JSplniU-ni^eewoi^  \  4«  PhafTb^mt  bratdh ; 
5,«uperkir  LeuyuifOr*]  nerrti;  6,  uxttrnal  Larjuffenl;  7^  Lur^DgtiaJ  |ilDtiu;  »iipariqr 
CnrdUic  nervQ  ;  <i,  mkl>iLa  Cardiuc  ;  10, 10',  rociirreut  LnryngiMl  aerrv  ;  11,  Pulqwuiy 
gati^tion ;  1$,  iia  uiiutlofnooes  with  tUo  gtcAi  H^'mp'tithatlC' ;  13,  pustrrW  ■^}\mtmrf 
ptejcu«  ;  II,  (K^ufiLui^uiil  ]ilel:ui ;  ]&,  AUiutuiucwu  a{  tlie  rl^bt  with  tbi»  UfC  fMunKH 
Bwtrie;  \ty  bPHticlKik  u(  thu  Cardlftc  OKtrttitlty  uf  Ibo  SIqiudc]!  ;  IT,  bnuchra  uf  lb* 
itiullar  curraturc;  tS,  LmTkcbi^acii  tho  AntiirEor  fncc ;  ID,  Ilcpstje  bfUkcbaa;  3(I,01(ibh^ 
litbiuyiigail  nerra;  ?u  S])laKl4<K!eaEory ;  -jii,  iU  Uit^miU  tmtbcb  uiutNMncwiiig  wtlb 
tho  pDouiniifj'«wtric ;  23,  iia  cxtetniil  bnuacb  procrxxlhig  (o  Ihe  Tmpeidtu  in** 
ti*mo»1ug  witb  thofuurtli  Curricol  ncfr^:  siijivriorj  ud  W>  inbldla  Conrtcal 
^mii^Wtm',  kifurlrrr  Ccrvlc^U  gangllou  unfttd  with  thu  flnL  tkn^;  ^  S9, 
PumU  ji<uitfli« :  Sa,  great  Splauclinie  D«ETe ;  31,  orUfin  of  the  I'bnalfi  D«r*«. 

In  th  \*  Ftifturu,  tbe  l\c:\xX  ItJia  hwa  cut  awivy,  tbe  left  Luof  dnwn  forw%rrl  «rut  U* 
rtMtt  pwtl^  diMitn'ivd^  and  tho  Utbt  hubcon  [Mrtlj  nBo(it«il  from  tbe  &(«J>m*dik 
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proceed  from  or  to  tlie  Vis<!fera  iire  mostly  diatnbutetl  along 
ihe  course  of  tho  Blood-vesselfi.  Some  of  the  fibres 
of  this  Bjsteni  are  apecialJy  distributed  to  Ihc  coats 
of  the  Vessels,  and  are,  from  the  nature  of  their 
functions,  known  as  '  vaeo- 
motor  nerves/  A  portion  of 
these  must  havo  *  aflereut '  func- 
tions whilst  otbeia  transmit 
'  efferent '  impulses,  causing  the 
vessels  to  contract*  ho  that  by 
means  of  such  nerves,  the 
amount  of  blood  flowing  through 
particular  vascular  territories 
may  be  eaf^ily  regulated.  The 
*  vaso-motor '  neiTea  are  con- 
nected with  aujall  ganglia  dis- 
tributed over  the  veBsels,  To 
some  extent  motor  stimuli 
emanate  from  these,  tliougb  tho 
whole  '  Vaao-motor  ^  system  of 
Ihe  body  seems  to  be  timenable 
to  the  influence  of  a  *  regulative 
centre'  mtuated  in  the  Medallftj 
together  with  other  subordinate 
centres  in  the  Spinal  Cord. 

Whilst  the  Sympathetic  Sys- 
tem probably  contains  its  own 
intrinmc  afferent  and  efferent 
nerves,  it  also  fipems  to  send 
(through  the  bL-fore-mentioned 
communicating  iilamcnts)  afferent  nerves  to  the  grey 
matter  of  the  Spinal  Conlj  and  to  receive  therefrom  certain 
efferent  motor  and  other  libres.  This  great  Hympatbetio 
Bjslem  of  nerves  is  to  a  certain  extent  an  independently 


FtQ,  170.— One  *f  the  SyTupathelio 
Otui^Uti  from  the  rltr*it  LitynU  CnnJ 

Ukor.]  Ti-^  I.atflml  cord  of  flyjuja- 
thctle;  Re,  two  conimuntcilti»^ 
bmn«lies ;  &pf,  Sf^lastljiLiic  ur  Via- 

Iflioii  (*ullt  jmd  Abno.   {k  libuut  40 

diuriieten*,) 
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develo]>ed  syRtcm^  though  it  also  holds  rchitione  to  the 
Spinul  Ccrd  closoly  resembUng  those  which  exist  between 
the  two  '  Cerebral  Systemic  Nei'ves/  and  the  Medulla. 

By  the  aiTangemcnta  above  described,  not  only  is  llio 
harmonious  activity  of  rchited  Viscera  facilitated,  but  the 
Bimultaueous  activity  of  Visceral  and  Cerebro  spiual  Nerro 
Centres  is  ensured,  where  such  conjoiut  activity  is  needeti 
- — as  ill  the  respiratory  processes,  in  oviposition  and  in 
parturition,  or  m  the  voiding  of  excreta.  AgaiB ,  hy  reason 
of  the  direct  or  indirect  connection  of  the  Viscera  with 
the  Brain,  the  organic  slates  of  the  various  orgjuis  ar^ 
capable  of  infiuencing  the  'temper'  or  mental  state  uf  the 
iudi vidua],  either  unconsciously  or  consciously.  Visceral 
Btatea  may,  independently  of  their  conscious  reulizatioDj 
prompt  to  autonoatic  or  Instinctive  Acts  ;  or,  they  may  im- 
prests tbemselves  upon  the  Cooscious  Life  of  the  individual, 
and  lead  more  or  less  directly  to  a  series  of  V^oluutary 
Actions. 


CHAPTER 


THE  FCKCTIONAL  RELJkTIOXS  OF   THE  PTtlXClPAL  TARTS  OF 
THE  BRAIN. 

now  pasa  from  the  coiiaitleration  of  details  of  struc- 
ture to  the  qi30fition  of  their  fignificftnce,  and  shall 
attempt  to  enable  the  reader  to  iovm  some  notions — 
meagre  tboui^'h  they  may  be — of  the  way  in  which  the 
Brain  acts  in  the  performance  of  the  simpler  of  its 
functions* 

In  this  attempt  we  shall  have  to  be  ffiitded  by  three 
eotsof  facts  and  inferences  : — (1)  Those  feathered  from  the 
stQdy  of  the  Anatomy  of  the  Nervous  Sy^^tema  of  lower 
animals  and  of  Mim  ;  (2)  those  derived  from  Experiments 
with  lower  animalH,  in  whirh  Nerves  or  other  portiona  of 
the  Nervous  System  have  been  either  stimulated  or 
destroyed ;  (3)  those  reported  by  medical  men  who  have 
paid  special  attention  to  the  symptoms  arisinpr  from  irri- 
tative or  destructive  DiseaBosi  or  Injuries  of  diflbrejit  por- 
I     tione  of  the  Brain  in  Man, 

In  each  of  these  directions  our  knowledge  has,  w^ithin 
recent  years,  Leon  making  very  appreciable  strides  aud 
is  still  progressing. 

In  this  preliminary  chapter  on  Iho  mode  of  action  of 
the  Brain,  the  reader* e  attention  will  be  called  to  what  is 
known  concerning  three  sets  of  structural  relations  which 
are  of  fundameiitRl  importance. 


478         THE  FUNCTIONAL  RKLATIONS  OF  TUB 


1,— The  CroBB  Relation  existing  between  the  Cere- 
bral  Hemispheres  and  the  Lateral  Halves  of  the 
Body. 

TLe  bodies  of  tlie  great  majorit)*  of  Invertebrates,  as 
well  as  of  Vertebrate  Aaiiaala,  are  bilaterally  eymnie' 
trical — at  least  &a  regards  all  eTternnl  orgaus  and 
all  pnrts  of  their  Nervous  System.  So  tbat  if  a  mediaa 
vertica]  phuie  were  to  divide  one  of  these  animals  in  s 
loDgitudinal  direction,  each  half  of  the  body  would 
found  to  be  similar  to  the  other  in  all  respecta  external!?, 
and  eacb,  alsoj  would  contain  the  half  of  a  Nervons  System 
Bimilar  to  that  of  its  fellow. 

So  far  as  we  know  at  present,  however^  the  relation 
wbieb  the  double  NeiTOUB  System  of  the  Invertebrate 
bears  to  its  double  body  is  different  altogether  from 
tbe  relation  subsistiuff  between  the  Bamo  parts  in  tlie 
A\ntobrate.  In  the  former  tbe  half  of  the  Brain  con* 
tained  in  either  half  of  tbe  body  is  in  immediate  connec- 
tion with  the  sensory  organs  and  aurfuoea,  as  ircll  as 
with  the  motor  nerves  and  ninsulcs,of  the  same  side  of  tbe 
body.  In  Vertebrates,  on  tbe  other  band,  it  is  not  60« 
In  lower  members  of  tbe  series  to  some  extent,  and  in 
the  bigber  forms  (including  Quadrnmana  and  Man) 
to  a  more  perfect  extent,  a  cross  relation  exists  between 
tbe  Brain  and  tbe  body,  so  tlat  Dach  half  of  the  Brain 
is  connected  with  fcbo  Sensory  Organs  and  surfaces  of 
the  opposite  half  of  the  body,  and  also  with  Its  Maseles^ 
The  former  relation  ia  brought  about  by  the  'sensory' 
cbanncls  decu8»;ating  at  the  base  of  the  Brain  and  along 
the  Spinal  Cord  ;  and  the  latter  ia  due  to  the  fact  thai 
tbe  neiTe-channels  for  '  outgoing  *  or  motor  Kiimnli  pass 
from  each  half  of  the  Brain  to  the  opposite  wde  of 
the  body,  decussating  with  one  another  in  tlie  Mednlla. 
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Vei7  few  expkiiations  have  m  yet  been  attempted  of  the 
mode  of  origki  of  this  crossed  relation  between  the  Braia 
and  the  body.  The  subject  is  generally  prtss^^d  over  in 
silence,  and  though  our  knowledge  of  the  exaet  ftuatomical 
relationa  existing  in  lower  animals  is  not  yet  rips  enough 
for  a  thoroughly  satisfactory  answer,  a  few  sug'geations 
may  here  be  offered  which,  if  they  do  nothing*  ebe,  will 
perhaps  serve  to  direct  more  attention  to  this  vory  inte- 
resting question,  and  at  the  same  time  indicate  somo 
of  the  directions  in  which  more  precise  information  is 
no  e  Jed. 

The  essential  nature  of  the  problem  comes  out  most 
distinctly  if  the  reader  attempts  to  picture  to  himself  the 
existence  of  a  donble  Nervous  System  in  Vertebratea  in  all 
respects  similar  to  what  it  is,  except  for  tho  fact  that 
neither  its  sensory  nor  its  motor  chnnuela  decussate. 
With  the  two  halves  of  the  Brain  and  Spinal  Cord,  as 
freely  connected  by  transverse  'commissures'  a«  they  are  at 
prcsentj  a  direct  relationship  of  this  kind  would  seem  to 
he  the  most  natm-al  arrangement,  and  it  is  not^  therefore, 
at  all  clear  why  such  a  plan  should  not  exist  and  work  as 
well  for  Vertebratea  as  it  does  for  Invertebrates,  The 
queation  to  he  answered,  then,  is— What  conditions  have 
arisen  in  Vertebrate  Animals  tending  to  initiate,  and 
finally  to  perfect,  such  a  crossed  relation  between  tho 
Brain  and  the  body  as  we  find  existing  in  Man  and  the 
hif^her  Mammalia  generally? 

Tho  following  considerations  seem  to  the  writer  to 
throw  some  light  upon  this  subject:  — 

1,  Movementfl  tatc  place  in  response  to  ffefisory  iniproBaionB  of 
various  kinds,  and  (for  our  present  purpose)  they  may  bo  divided 
into  two  daasee  those  in  wbich  related  ma&cleB  on  the  two 

aides  of  the  body  are  called  into  flimuUaneous  activity — as  with  the 
trunk  muscles  concerned  iti  the  loi>oniiotiDnB  of  Fishea  and  many 
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limbleaa  Reptiles;  flhd  {(>)  those  iu  which  rnnscles  on  one  siJe, fcti 
especially  oi  one  limb,  are  cHUd  intf>  octivity  alone — eith*yr  m  nn 
orOinary  reflex  or  in  a  voliiioani  manner. 

2.  The  great  hull:  of  the  movement»  of  Fiahe*  aod  of  Ophidian 
lieptilea  would  belong  to  the  former  category^  and  ae  Broadbent* 
lirat  pointed  out  (in  regard  to  Ham)  wo  have  evidence  to  «how  thut 
mdvcments  of  this  flaaa  may  be  equally  well  evoked  by  a  atimnlntj 
paH&ini^  from  either  aide  of  the  Brain  to  one  of  the  halveiii  of  their 
double  liiit  Intimately  combined  Spifinl  Crntrea.  This  beinj^  *tn,  it 
wnuUl,  perhapa,  bo  a  matter  of  comparatively  little  imiporlziiirfl  for 
Huch  cresitiires  whether  some  particular  ]ea<ling  seuae  organs,  aach 
£9  the  eyea,  were  rewpectkety  in  structural  counection  Ihroutfh 
their  optic  ru^rvcB,  with  the  half  df  the  brain  on  the  same  siJd 
or  with  tbiit  of  the  opposite  Bide. 

3.  Fishes  are  the  animals  in  which  we  first  find  a  croRs  arrange- 
ment of  certain  important  aensory  channela.  Their  Optic  N«t« 
decussate  in  a  very  complete  mannerf  Wo  do  not  know  for  oer- 
tain*  however^  that  any  uf  thdr  other  seneory  charniels  are  sinuUrljj 
disposed  ;  nt^ither  ia  there  any  evidence  to  prove  that  the  fibres  ooo- 
atitutin^  thetr  motor  channels  decasftate  with  mie  another. 

4.  In  FisheSf  then,  we  have  to  do  with  what  may  be,  and  prob- 
ably 18^  a  mere  parfiul  initiation  of  the  cross  relation  betw^n  the 
Bniin  and  the  body  ^  and  it  set'ms  conceivable  that  aoch  a  relation 
may  have  been  dftcrroined  in  some  of  the  eiirliest  Fiehes,  or  at 
least  favoured,  by  two  or  three  of  the  phyaical  peculiarities  of  jiicld 
creatures.  The  elongation  of  the  head  of  a  Fish — a  conformation 
which  13  doubtteas  in  intimate  relation  with  the  animars  life  and 
movenumts  in  an  aqnatic  medium — together  with  the  hiteral  pod* 
tion  of  its  eycSt  may  have  had  aomething  to  do  with  the  fact  of  the 
occurrence  of  a  decosHatinn  of  the  budding  optic  tracts  ia  some  oi 
the  early  forma  of  Fishes.J 

♦  *'  Bi-it.  and  For.  Med,  Chir.  Review/'  1S86, 

f  Though  according  to  Si^t>old  an  exception  to  thja  rule  ia  to  ba 
fotind  in  the  case  of  J3tJvU'f»h>iHa^  one  of  the  Myiinoid  or  lowest 
clw&8  of  Fiahefl. 

X  Marshidl  ("  Oullinea  of  PhytiSology,"  vol.  i.  p.  &C2)  endeavoars 
to  acconnt  for  this  one  primary  decussation  by  soppositi^  it  tfl 
depend  upon  the  lat<*ml  reversion  of  optic  ima^^es  occosioned  hj 
the  concave  shai>e  of  the  retina  in  FialieB.    But  hia  reasons  see 
nn&atisfactory,  hecauw  with  a  similiirly  shaped  retina  ng 
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5.  But  when  distinct  limba  appear  in  higher  Hi^ptika,  and  when 
in  Bin^s  and  MammttU  the  mopcmetits  of  more  or  less  eiruilut  limba 
Ln'oome  increaaingly  volitional  and  iiidq^eTidi'nt  of  one  another,  two 
iiilditiotial  results  i5it)?kt  be  expected  to  fulbw  the  primary  decnsea- 
tion  of  the  Optic  Norvca  (howaoever  this  may  have  been  deter- 
minei-l) : — («)  ibose  other  '  sensory  *  channels  whose  impresaiqnM  are 
mOHt  tioncerned  in  the  inatigiitfon  of  Hmb  moreraenta  would  a.lga 
tend  to  decneaate,  because  it  wonid  bu  very  essential  that  more  or  les* 
uniliiteral  Tactile  and  Auditory  Impr^sHinnB  ^hotdd  be  brought  into 
relriiiun  centrally  with  Visuul  IniprcstiiunA  eomiti;^  Ironi  the  same 
aide  of  the  Ixidy;  (ft)  Cidnddently  with  the  ettt;Lbliahnient  of  a 
decij9Hation  of  the  'eensory*  chanjiels— and  especially  those  of  the 
Tactile  t^ense  and  cootnion  HeriMbility — in  animal accustomed  to 
ptTforin  tiiiiliiteral  voluntary  movements,  we  might  expect  that 
there  would  be  a  tendency  to  the  estiibljahment  of  an  answering 
croB3-reIation  between  the  '  motor'  channels  of  the  Cerebro-S|jiiuil 
System,  Thns,  that  half  of  the  Brain  which  hns  first  received  tho 
insligftting  eeueorial  itnpressiona  would  be  eaftbled  to  send  forth  the 
mntdr  «timtili— both  for  the  ri-flei  and  for  the  volitional  movement* 
of  liinb&  on  one  Bide  of  the  body.  And,  if  there  is  to  be  no  separate 
decusBtttiyn  for  the  clninnela  of  reHex  and  vulitionul  motor  incita- 
tions  rcapectively»  Bnch  croesings  of  motor  chaniiela  aa  we  tind 
exij}ting  iu  the  Mt^dnlla  of  Man  uiid  many  other  Vertebrates 

at  the  *  dccui^sntion  *  of  the  Pyramida)  wonld  ee^m  to  be  the  only 
natuml  arrariH^efiient. 

6.  This  more  complete  croaa  arrangement  Feema  only  to  be 
perfected  to  the  exteat  iudicated,  in  higher  Mammals  and  in 
Ma.n. 

relation  eKists  tn  Cuttlefishos ;  secondly,  because  there  ia  no  evidence 
to  show  that  the  *  inotMr '  channels  undergo  any  eirnilardecufisatioa 
(though  this  hypotheai*  aflbiimea  ita  exiatence)in  the  lower  limblesa 
Tertt;Lrratcs,  in  whom  the  decuobatiou  of  Iho  optic  tracta  becomes 
initiated  ^  and,  thirdly,  because  the  e^p^rience  of  workers  witli  the 
microacopfi  tends  to  show  the  euBe  with  vvhioh  adaptation  of  tha 
movements  of  the  handg  to  meet  the  caae  of  a  reveraat  of  tl^e  optic 
image— involving  as  it  doesj  moreover,  a  reverRal  of  npper  and 
lower»  as  well  aa  of  lateral  purta— ia  brought  abtmt.  Tbia  latter 
x«a»on  helps  to  show  that  no  important  atiiitnmioul  changes  wonld 
be  needed,  aa  Mar&hall  seems  to  Buppobe,  to  meet  ihe  ca^e  of  a  mere 
reversal  of  the  optic  images. 
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7.  A  cross  arrangeinent  of  BenBory  chaDoels  tvould  *eeiii  to 
V<i8  e^sgcntial  in  the  ciine  of  Taste  and  Srcell  than  for  either  of 
olher  kintls  of  itigmng  impreaKion^,  Erst,  bectiase  the  organs  Bub«er* 
vi^nt  to  these  endowments  ara  sitnated  more  in  the  middle  tine  of 
tlie  bodj  tbau  either  of  the  others;  apd,  8ecoTidlj,bee»n»e  Impressione 
Taste  a.nd  Smell  are  perhQps  le:4s  imniediatelj  prorocattTe  than 
those  of  other  senses,  of  unilateral  Umb  roovemeDts.  The  nerw 
of  Taste  being,  however,  boOiid  oivT^-ith  or  forming  part  of  two 
nerves  of  common  seusibilHj  (the  Fifth  and  the  GIog9o-J>haryT1gl^a]) 
they,  09  it  were^  follow  the  lead  of  the  nerve  tranks  to  which  they 
l«?UfT>g*  and  decussate  with  Ihem,  Bnt  in  regard  to  Olfactofj 
channels,  it  is,  as  matter  of  fact,  notable  that  they  are  the  only 
ones  lu  which  no  decussation  is  known  to  occur,  cither  in  the  lower 
Ariim^iTs  or  in  Uan.  The  Olfactory  Centres  of  the  two  hemUphereu 
fire,  however,  very  amply  coonected  by  roeaos  of  commisftiriU 
Bbres — principally  gathered  together  in,  and  for  the  maet  p«rt  ooD- 
etitrrting.  the  *  anterior  commiasure/ 

Thus,  in  brief,  the  writer  s  view  u  thi»:— That  the  cross  rehiUon 
between  the  halves  of  the  Brain  and  the  body  may  have  been 
initiated  in  eome  Fishea  in  a  quaBi-accidental  munner,  and  that 
iu  the  fipst  staf^  of  its  existence  it  was,  and  Htill  repreBented 
only  by  thedeeuFBation  of  the  Optic  Tracts ;  that  in  higher  animal* 
poaaeiiKed  of  well-forined  liinba  reflex  and  voUtional  movement*  ot 
those  of  one  side  are  very  often  evoked  in  retsponse  to  unilateral 
fienaory  stimuli,  so  that  in  such  creatures  tbere  wonld  be  a  dia- 
tinct  advantaj?e  if  other  eenaory  channels,  by  decussating,  were  to 
be  brought  into  relution,  at  their  cetitral  termini,  with  thoae  of 
the  YiBual  SeuBe;  tioally,  tlie  same  inflaences,  whatever  they  may 
be,  which  determine  this  additional  sensory  decnsaatioQ,  would 
lead  to  an  establishment  of  the  equally  necessary  eeqaeuii&l  de- 
cu-isutiou  of  the  motor  channela  for  the  limbg.  The  cro«9  arrftng^- 
tJient  of  senHory  and  motor  chanaela  met  with  Id  Man  and  higher 
Jlamniiils  is,  therefore,  to  be  T^farded  as  an  almoet  neceasitry 
acqutsnce,  from  the  point  of  view  of  the  evolution  theory,  of  a 
primary  and  perhaps  qna:»i*accidentBl  decaaaation  of  the  Oplin 
TracU  in  Fiahe*. 


Ca*F.  SXIV.J       PRir^CIPAL  TARTS  OF  THE  BRA[N. 


483 


2 —The  Fimctiorial  Relations  of  the  Cerebral  Hemi- 
spheres with  one  another;  the  Duality  of  Body 
and  the  Unity  of  Mind. 

The  two  Cerebral  Hemispheroa  are  now  generally 
admitted  to  contuiu  the  ultimato  proloni^ations  of  iLo 
*  ingoing  '  nerves,  or  nerves  of  Seuae,  aud  to  be  conalituted 
by  the  oggrefjation  of  the  organic  centres  {abundantly 
interconnected  by  *  comniissurar  fibres)  of  all  tboso  bif^ber 
mental  processes  wbich  we  have  traced  as  dcHvativea  of 
the  exercise  of  conscious  Seuaibility^  viz,,  tbe  specially 
iiutomatie  processes  of  Perception,  Ideation,  Emotion, 
Conception,  Ronfloning,  tofretbcr  with  tbe  more  volitional 
procesaes  of  Attention,  Kecollection,  Imagination,  and 
Constructive  Thought.  The  Cerebral  Hemiepheres  cou- 
tJiin,  however,  in  addition  to  the  Sensory  Centres  and 
those  for  the  derivatiTe  procesBes  above  indicated,  muUi^ 
ludes  of  fibres  and  somo  CentreB  for  the  conduction  and 
proper  grouping  of  '  outgoing  '  currents. 

Of  the  various  transverse  comniissures,  already  deEcribcd, 
that  connect  these  parts  with  one  another,  one,  of  more 
importance  than  the  others,  now  deserves  some  further 
attention.  This  is  the  great  transverse  commissure,  or 
Corpus  Gallosninj  which,  ehowing  itself  first  in  lower 
Mammuls,  increases  in  size  in  higher  members  of  the 
aeries,  till  we  find  it  attaining  its  maximum  development 
in  the  brain  of  Man,  As  stated  in  t)xe  lust  chapter,  the 
fibres  of  the  Corpua  Callosura  pass  across  from  HemiB- 
phere  to  Hemisphere,  bo  ae  to  bring  into  relation  corres- 
j*ouding  urctts  of  couvolntional  tire^;  Matter.  It  docH 
not  pass  equally  between  all  convolutions,  but  especially 
botweea  those  which  are  ateo  in  relation  with  the  great 
basal  ganglia  (Broadbent),  The  Anterior  Commissure^ 
oogh  a  mor2)ho]ogically  distinct  part,  eeems  to  have  an 
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eBseuLiiiilj  parallel  function,  since  its  fibres  also  serve  to 
connect  simiUr  couvolatious  on  tlio  two  eides— vu.,  some 
of  those  situated  in  the  Temporal  Lnl>es.  A  similiu 
function  must  also  be  astsi*jjiie(l  to  the  '  Psitltcriul  Fibres,' 
which  in  part  constitute  the  postenor  bent  portion 
{'genu')  of  the  Corpus  Callosiim  itself  fp.  443,  notet). 

Those  transverse  '  commissarar  fibres  are  of  much- 
interest,  hecauge  there  is  reuBon  to  believe  that  they  are, 
to  a  considerable  extent,  in  relation  with  that  uuitioation 
of  ConscionsTieES  which  unqneationablj  exists  (as  everyone 
can  testify)  in  spite  of  the  fact  that  tlie  ortjans  of  Sensorial 
Activity  are  double  thront^hout^  Such  Commissures  are 
also,  in  all  probability,  very  essential  for  the  carrying  on 
of  the  lii^'her  mental  processes.  In  cases  recorded  by 
Dr,  Langdon  Down  and  others  the  non-development  of 
this  part  of  the  Braiu  in  human  hc?ings  has  been  asso- 
ciated with  more  or  lesa  nuirked  IJiocy;  bnt  then,  the 
aiTest  of  developiueut  has  for  the  most  part  not  been  stricl-Iy 
hmited  to  the  Corpus  Callosnm,  The  Middle  Commia- 
Bure,  the  Fornix^  or  some  convolutional  regions  have  been 
often  at  the  same  time  deficient*  In  Bome  of  the  recorded 
cases  iu  which  the  Coi'pus  Callosom  has  been  only  partially 
absent,  there  has  been  lesa  degradation  of  the  Intellectual 
Powers  than  might  have  been  anticipated.  In  certain  of 
these  latter  cases,  however,  the  persons  have  cither  died 
so  young,  or  the  morbid  conditions  have  been  so  com- 
plicated, as  to  make  them  of  comparatively  little  value 
for  setllini^  the  question  as  to  the  real  importance  of  the 
Corpus  Calloaum  in  the  carrying  on  of  mental  processes.* 

According  to  the  anatomical  data  furnished  by  Broad- 
bentf  it  ifl  the  Senaorial  Regions  of  the  two  hemispheres 

•  See  Knox,  in  '*  CJlas^ovF  Medical  Journal,"  April,  1875,  where 
fifteen  cases  are  referred  to. 
t  See  p. 
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(or  the  St-Dsorial  and  wLut  Honip  rcguid  as  tlie  Volitional) 
wliicli  are  imniedmtelj  brought  into  relation  by  meaiia  of 
the  Corpus  CuHosmn,  But  even  if  this  sujiposod  arrange- 
ment he  the  one  tliat  actually  exists,  it  would  by  no  means 
indiwite  that  the  organic  seats  of  the  more  complex  deriva- 
tive processes  are  not  also  mediaielif  brou^jht  into  relniiou 
wilL  ono  unother.  The  more  specialized  Eraotiomil^  Intel- 
lectual, and  Volitional  Regions  in  each  heniisplipre,  ivhcr- 
ever  they  muy  be,  and  howe%'cr  they  nmy  bo  related  to 
one  auolher,  arc  necessarily,  by  means  of  the  '  aasoeiation 
systeni  *  of  fibres,  brought  iuto  intimate  communion  with 
Iheir  corresponding  Sensorial  Regions  of  various  kirtds.  It 
is  in  this  indirect  way,  thoroforc,  that  the  higher  functional 
regions  of  the  two  Henni3pheres  may  bo  brought  into  rela- 
tion with  one  another^  through  the  mcdiuni  of  the  fibres  of 
the  Corpus  Calloaum*  There  13  manifestly  a  unity  in  our 
Emotional,  Intellectnal*  and  Volitional — as  ivell  aa  in  our 
Sensorial  Con sciousiicss— that  is,  in  the  'derivative*  aa 
well  as  in  the  '  primary '  mental  processes. 

There  can  lie  little  doubt  that  SoDSorial  Activity  and 
the  action  of  thoae  portions  of  the  Bruin  which  are  directly 
coucerued  therewith,  affords  the  primary  or  essential  basis 
of  ConsciouBncBS.  We  are  most  fully  conscious  when 
we  aro  most  receptive  of  external  impressions,  and  we 
lapse  into  a  completely  or  partially  unconscious  condition 
when  the  advent  of  such  impressions  is  for  a  time 
prevented,  or  when  we  are  intensely  absorbed  in  some 
train  of  thought  (Ideal  or  Reflective  Coneciousnesa) — that 
is,  when  the  activity  of  other  portions  of  the  Cerebral 
Hemispheres  in  some  way  dwarfs  or  eclipses  that  of  the 
sensorial  regions  proper.  An  admirable  illustration  of  tlie 
former  tnitli  has  been  lately  given  by  Dr.  Striinipell»* 

*  "  Pfliigev's  Archiv/*  vyl.sv  p.  i73,  ami  translated  in  ^"Natiiro," 
Dcctiaber  13, 1877. 
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T^'liick  is  BO  instructive  as  to  be  worth  quoting  in 
full. 

In  the  autumn  of  liiBtyear  there  wa«  received  into  the  medi 
clinic  of  Lcipdg  a  yootli  ayed  in  whum  varioua  phenomena 
ana^Btheiiiii  gradimUy  developed  thcmsdveB  to  an  e^ctent  wMch  has 
vory  rartly  been  obaerved.  The  ekiu  of  the  whole  anrfoce  of  tlie 
Ijody  waa  completely  insensible,  and  that  in  resj)ect  to  every  VinJ 
of  aetiBiitioii.  U'iie  most  powerful  elvctric  current  or  a  burning  Uj«t 
held  to  the  skin,  was  tiot  able  to  produce  any  pain,  or  evcti  a 
nation  of  touch.  Almost  ftll  the  accessible  parts  of  the  mucfi 
membrane  of  the  Lody  eitliihitcd  the  same  inBensiliility  to  pai 
AUq,  all  thnso  fiensations  which  arc  clujised  tngcther  tinder  t* 
name  of  'muscular  Bt'ijae*  were  entirely  abaent.  The  patien 
when  hia  eyei*  were  elosed,  could  be  carried  about  rpund  ihe  i^" 
hb  Hmbs  conid  he  placed  in  the  moat  inconvenient  poiititionB,  wit 
out  his  being  in  any  way  cnnsrioua  of  it.  Even  the  feeling  of 
Tiniacu!ar  txhaustion  wna  loKt.  In  addttioni  there  c&mt  on  alfco  a 
complete  losiiof  t^ste  and  emellta.iuaQrQsL9  of  the  left  eye*  and  deaf' 
nesa  of  the  right  ear. 

In  shorty  here  waa  an  individual  whose  only  connection  witH 
the  outer  world  waa  limited  to  two  doors  of  tense — to  hi#  ou9 
(right)  eye  and  hia  one  (loft)  car.  Moreover,  both  these  r^iouiuing 
doors  could  at  any  time  be  easily  closed,  and  in  this  way  it  wus 
pojMiible  to  investigate  the  consequeneea  of  completely  iBntutini^  the 
bmin  from  all  external  stimulntion  through  the  aen^ee.  I  have 
frequently  mado  the  fyllowiug  exf^riraeut,  and  often  lihuwcd  it  to 
others  :^lf  the  palient'a  eeeirig  ejfo  was  bjindaged  and  liis  hearing 
«ar  wa«  stopped,  after  a  few  (usually  fr^»m  two  to  three)  minnles 
the  cipreBsion  of  aurprise  and  the  uneasy  movements  which  at  first 
showed  tlieniHf>l7ca  ceaaed,  the  respiration  became  cjuiet  and  regu- 
lar; in  fnot,  the  patient  was  aoujid  a^Ut-p,  Here,  tberefore,  the 
pojjsibllity  of  artificibilly  inducing  aJeep,  at  any  time,  in  n  persoa 
simply  by  withholding  from  the  brain  all  stiuiolation  by  moans  of 
the  fjcnsGs  waa  realieed. 

The  awakening  of  the  patient  wa*  as  interesting  aa  the  aending 
him  to  sleep.  lie  could  be  aw^koaed  by  au  auditory  ittiniulatioa, 
as,  for  example,  by  calling  into  hh  hearing  ear,  or  by  viaual  atimn- 
lation,  by  uilDwiiig  the  aUmuLiis  of  iight  to  fail  u[ion  hia  aeeioK 
eye;  bat  he  could  not  be  waLenod  by  any  pushing  or  ahalsing.  If 
he  Wii»  left  to  liinmelf  he  did  ereatmtlty  wake  np  of  hiA  own  accord 
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in  courae  of  tlio  day,  after  the  sti'ej)  liad  lasted  miitiy  Itonrs ;  tbo 
awubetiiug  Ijenig  due,  it  miL^ht  be,  to  iDtrlnaio  stimuli  started  in 
the  braiti,  or  it  might  he  to  flti^^ht  i^xt^rnal  unavoidable  stimuU  nct> 
ing  through  hiu  still  funcliunul  scnt^o  orguns*  and  mnkin^  tbeiU' 
aeWee  fdt  in  conaequence  of  the  seriaitiveueaa  of  the  bruin  Win^f 
increased  duriug  the  repoae  of  ek'ep/' 

Nothing  could  show  more  distinctly  tlmn  such  a.  cnm  fis 
this  the  importance  of  the  activity  of  the  Sensorial  Regions 
of  the  HemisphereB  for  the  production  of  what  wo  know 
Qs  Consciousness.  It  seems  cloai\  indeed,  thii.t  if  Con- 
scioa&ue«9  is  not  in  some  way  an  Lmmodiato  appanage  of 
the  activity  of  these  very  regions  of  the  Ilemisphereaj 
their  activity  is,  at  all  orentB,  an  essential  forerunner 
of  thttt  of  somfi  other  regions  between  whoso  activity 
und  Conttciouanesa  thero  is  such  an  immediate  associii- 
tion* 

On  Iho  other  hand»  it  is  equally  clear  that  the  stimulat- 
ing sensonal  impressions  are  double,  coming  to  each 
Hemispheie  of  the  Brain  from  opposite  halves  of  the  body, 
and  that  their  subjective  accompaiiiment!^  are  merged 
into  ft  single  Gonsciouf^ne^sB  of  this  or  that  kind.  The  final 
proof  of  this  position  is  afforded  by  the  effects  of  injury 
to  certain  portions  of  the  Brftin  on  one  side  only  in  some  of 
the  lower  animals,  and  b}"  the  effects  of  unilateral  disease 
of  corresponding  ro^'ions  of  the  Brain  in  Man,  Thus,  where 
we  have  to  do  with  injury  or  with  disease  of  the  posterior 
tbird  of  what  is  known  as  the  '  internal  capsule ' — that  is, 
of  that  portion  of  tho  expansion  of  the  Cerebral  Peduncle 
wFuch  lies  between  the  posterior  part  of  the  Corpus  Stria- 
tum and  the  Thnhinms — there  is  found  to  be  complete 
Josh  of  sensibility  on  the  opposite  half  of  the  body  (Ilemi- 
anaeathesia).  No  touch  can  be  folt,  and  all  tho  other 
avenues  of  sense  on  this  side  are  simibtrly  closed — the 
tongue  and  side  of  the  mouth  are  dead  to  flavours^  the 
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ear  is  dead  to  sounds,  the  eve  is  Lliud,  nnd'tlie  correspond- 
ing nostril  is  similftHy  insensitive  to  all  odoura** 

But  in  Hemi-aii«?sthesia,  altbougb  tlie  avenues  of  ben 
are  closad  on  one  side,  the  generul  Consciousness  of  thfi 
Individual  nppears  to  remain  uniiffccted,  and  his  Men 
Activity  may  be  but  little  impaired.    Tbis  coniparutiv**! 
unaltered  montnl  condition,  notwitbetiLndin^  tUe  abscii 
of  direct  seiiflorial  stimulation  of  one  Hemiapbere,  is  prob- 
ftblj  possible  only  thron«^^b  tbe  intervening  actiTity  of  the 
Corpus  CalloBum— since  by  means  of  its  fibres  tbe  stimtila 
to  tbe  one  side  of  tbe  Bralu  may  be  propagated  to  the  otbc 
Both  Homispberes  may  thus  be  broufjUt  into  relation  wil 
the  various  sensorial  stimuli  emanating  from  one  side  of  the 
body ;  and  in  this  way  it  is  posf^ible  for  the  gcnrral  Cm 

•  Tba  explfttiatioti  of  the  loss  of  the  acnse  of  Smell  in  tbe  c* 
reapoiiding  iioHtnl  preeenU  Euime  tliffioQltiee.    It  eetrTDS,  at  fi 
Bi>{bt,  to  bo  altogetht^r  at  vHriancp  with  anutomical  factiji,  (rinee  t 
relations  of  the  organa  of  Btnell  with  the  hemispheres  are,  as  alreaJ 
poinUd  out  (p.  U'tS),  cjcceptioiiaK    Thpy  are  certtiinly  direct  rathe 
than  croBMi]*  and  it  would  also  tend  to  contradict  eiihting  atia- 
touucal  ktiuwludge  if  fibres  from  the  Olfactory  Ganglta  ou  tbe 
Tond  to  tlitJir  *  perceptive  centres  '  were  tc  be  found  anj'where  in  the 
ni'igliboiirhcx>J  of  tht^  |MtHtcrior  part  of  the  corona  roJitita.    Bat  a 
very  phuisible  explaiintiuii  of  the  Loss  of  th«  sen^e  of  Smell  in  th*^ 
Oaet'a  uf  Henii'arteatlie^iu  is  to  be  found,  as  Dr,  Furrier  potnta  out 
("Fttuctions  of  tha  Braiii/*  p.  UH),  in  the  well-known  experiment* 
of  Mugendiet  as  to  tlie  functiuna  of  the  Ullh  nerre^    He  ascertuineii 
that  i^mtrU  wite  lost  wla^n  tbe  senaibility  of  the  nostril  wa«  a 
litdied^r.i^,  after  the  Hfth  nervG  had  liOGU  cut;  Dotbecaaae  the  5i 
is  the  nerve  of  Smell  properly  aocalkd,  but  because  **  the  iiit^gfi 
of  the  fifth  is  neccHHtiry  to  the  doe  functtunal  activity  of  the 
t<»ry  nerves/*    If  the  uriluteml  iosB  of  Smell  in  these  eaaei 
llfun-anaifitlieHia  be  reutly  due  only  to  the  ]dbh  of  oommoi)  Mn 
btlity  in  the  corrL'spoiiding  nosLri),  then  this  wime  loss  of  Smell 
ought  to  occur  in  Man  with  thnsu  Ic^inna  of  tlie  '  (HttiH  Varolii*  ia 
^vhich  th*  eumnion  sensibility  of  ona  side  of  the  Ixxiy  in  annulled 
and  the  writer^n  expuricticre  lcad»  bitn  to  Lcli&ve  that  tWta  I 
tXGUT  ia  Buch  cojma. 
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BcloQSue&H  of  the  ludiriOnnl  to  remain  unaltered,  evtn  in 
the  absence  of  sensorial  slimuli  from  one  half  of  the  body. 

It  j^i  most  impoi-tant  to  recollect  that  the  results  ahoTe 
describe*!  follow  lesiona  of  the  posterior  tlurd  of  the 
Cerebral  Peduncle,  just  before  its  fibres  come  into  rela- 
tion with  the  Thalamus.  The  effcets  are  vpit  dilfeTeiit 
uhcn  lesions  exist  above  or  outside  the  great  '  basal  gan- 
glia '  (see  p.  498)»  even  thou|^b  these  lesions  may  involve 
e:xteiisiye  destruction  of  one  Hemisphere, 

It  is  only  in  the  sphere  of  the  three  higher  senaeB^ 


0 


<rf  thft  TlmliLUii,  Hjtiowiu^thQ  porlluD      the  'iiitrniikl  caji^ule,'  the  uuttnti  wMeli 
proiiiioM  Uuml  ansstheolo.   ((JhAroe»t  after  Uurtit.)    O.  0,  TUiilauil  ctimieclcd 
MWiilfl  orSo/t  CouiiDliftore-  F,      poatorifjir  thlri  uf  Cimbril  rudniiflu  (' internal 
L-upMulo ').   On  iht  tight  •IdO'  t^m  fibn*  are  rejfr©«uteil  «J  cut  octltjui  at  j- ;  lutrn- 
VfUtriciilurj  and  L,  extra- ventricilUr  Corpuji  StrlAtiin]. 

however,  that  a  blemltng  of  the  subjective  accompaniments 
of  impressions  from  the  two  sides  of  the  body  occurs,  so 
as  to  produce  siuf^le  Perceptions.  An  objeet  which  is 
smelt  is  perceived  as  one  ;  a  body  wliicb  is  seen  is  recog- 
nized as  single  ;  and  similarly  a  sound,  though  stimulat- 
ing^ both  auditory  oiji^ans,  is  heard  at?  one  sound.  And 
although  we  can  localize  gustatory  impressions  to  one  or 
other  Bide  of  the  mouth,  when  our  attention  is  directed  to 
the  subject,  we  are  not  accustomed  to  do  so,  and  there  would 
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bo  little  use  in  iniikiiig  such  diBcrimiimUous.    TLe  e^se  i 
altogether  diflercutj  however,  in  regard  to  the  bcd&c  of 
Touch,  or  coEuinon  sensibility.    By  means  of  Smelly  Bigbt, 
and  Ilearing"  we  are  hroiight  into  relation  with  distant 
pLenoiBeno.,  but  iu  the  exercise  of  Taste  and  Touch  there 
is  actual  contact  with  diSerent  portions  of  the  extended 
surface  of  our  bodies,  and  therefore,  in  the  latter  case  more 
especially,  there  ought  bo  be,  as  there  is,  a  thoronghlv^^ 
independent  power  of  appreciating  the  impressions  in^^H 
pinging  upon  each  Bide  of  the  body,  and,  indeed,  of  prctty^^ 
accuratdy  localizing  them. 

This  unity  of  result  accompanying  the  action  of  a  great 
part  of  tlie  Sensorial  Regions  of  the  two  Hemispheres,  as 
well  as  in  those  uhich  are  subservient  to  Emotional  and 
Intellectual  Activity,  ia  very  remarkable,  and  dilficnlt  to 
understand,  especially  if  we  hear  iu  mind  the  fact  tli 
there  is  not  even  a  perfect  symmetry  in  the  naked  eye  coi 
formation  of  many  of  the  homologous  Convolntioaa  of  the 
two  sides  (to  say  nothing  of  their  microscopical  structure); 
that  their  vascular  supply  is  independent,  and  therefore 
subject  to  variations  which  may  affect  one  side  only  ;  and 
that  an  inequality  of  working  power  on  tlie  two  sides  might 
also  easily  be  bronght  about  by  some  inherent  or  acquired 
differences  in  the  molecular  (or  functional)  activity  of 
the  corresponding  nerve  elements  on  the  two  sidog  of  tb^^l 
Brain. 

Notwithstanding  our  difficulty  in  comprehending  how  a 
double  mechanism  of  this  kind  can  work  as  it  does,  so 
as  to  lead  to  a  single  CousciouBUoss,  or  so  as  to  enable  it 
to  carry  on  the  processes  of  a  single  Thinking  and  Willing 
jfcrfiouality,  the  facts  of  our  own  ConscionsneBs  may  assure 
each  one  of  us  that  it  is  so. 


•  HI 


Yet,  though  it  may  he  tha  rule  for  tlit*  two  HertiisphereS 
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to  be  called  iuto  BimuLtiiueous  aud  harmauiaus  activity  in 
perception,  Emotion,  Tlioii^'lit,  and  Volition,  evidence  is 
not  altogether  wanting  to  show  tliat  tltcy  arc  ctipJiblo  of 
working  more  or  leas  indepcndtmtly — cithor  {a)  where 
both  hemispheres  exist,  and  there  is  a  Bupposed  lack  of 
harmony,  with  resulting  *  double  ConsciousuGEfl  '  ;  or  (b) 
in  the  mure  positive  and  definite  caaea  in  which  there  hna 
been  no  impairment  of  Sense  or  Intellect  noted,  although 
r.he  greater  portion  of  one  Cerebral  Hemisphere  may  have 
been  destroyed.  On  each  of  these  subjects  a  fe'sv  words 
may  bo  said, 

(a.)  The  evidence  in  fuvonr  of  the  posBibility  of  a 
Bcparate  lind  disBimilar,  though  Bimuttaneoua^  activity 
of  the  two  Hemispheres  of  the  Bruin  is  of  a  very  douht* 
ful  nature,  though  there  ar%  facts  familiar  enough  to 
physicians  M'hich  hiive  hcon  thought  to  support  this 
notion . 

The  qnoslion  was,  for  inatnnce,  raised  by  Sir  Henry  Hollntid*  in 
18-10, — '*  Whether  eome  of  the  aberratioQB  of  mfiwl,  which  como 
under  the  name  of  inHanity,  ar^  not  dae  to  iacongruoua  action  of 
this  double  almcture  [the  two  hemiaphcreaj^to  which  perfect  unity 
of  action  helougs  in  the  healthy  atute?  "  adilij: — "The  »ub- 
ji?ct  is  very  ohAcur^,  and  all  proof  of  difficult  attaiiiinent;  hat  I 
think  it  more  probable  than  otberwiao  that  Buch  in&qaality  may  be 
a,  cause  of  £Oine  among  the  many  fornix  of  mental  derangement. 
.  ,  .  ,  It  h^s  been  a  fumihar  reinurk  thut  in  certain  states  of 
mental  deruni^umeiit,  u.^  well  aa  iu  Bome  casea  of  hysteria  which 
border  closvly  upoa  it,  there  appear,  as  it  were,  two  niinda;  one 
tenJiug  to  correct  by  more  juut  percoptions,  feo5iiigSj  and  volitions, 
the  aberrations  of  the  other;  and  the  relative  power  of  the  two 
iiiduenoea  varying  at  ditT^rent  time«,  .  .  .  It  is  remarkable 
how  (liatirict  an  expresBion  to  thiti  effect  may  occaaiotiully  Imj  had 
from  patients  themat.'lvc3.  I  have  receatly  seen  a  case  of  which 
the  most  marked  feature  was  a  freqnent  and  »nddi?n  oDthreak  of 
paaaion  upon  eul>jectB,  piirlly  real,  partly  dohiaive,  but  generally 

*  *•  Medical  Notes  an  J  EeHcctionC  2iid  Ed..  1840,  p,  172. 
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vithont  obvinns  or  aafBcient  reason  at  tbe  moment;  tbestf  ex 
atteiiJtrd  vshU  1ou(]  scroamingp  execrationSj,  and  acts  of  vtr*leaoft 
Btrikiog  or  bfeii.^itig  things  within  reuch.  H<ere  the  putietit  him<tr1 
deacriLied  to  me  ttie  kind  of  separate  consciouancas  lie  liud  wlirft 
theise  violent  moods  were  upon  him;  his  dedre,  bat  frelingi  of 
inability  to  resist  tliem  \  hU  satisfaction  vrbea  he  felt  them  to  bfl 
paasiag  away.  It  was  a  paiafuUj  exjiggerated  picture  of  tb« 
itrnggle  between  pjod  and  ili/' 

Notliiiig  much  more  definite  could  then  be  said  u 
tlaia  subject,  nor  has  there  since  been  any  appreckblA 
advance  of  onr  knowledge  in  regard  to  it,*    It  is,  of 
eoarse,  possible  tbnt  two  seemingly  simultaneous  states  oL 
Mind  may  be  never  strictly  coincident  in  time,  so  tbal  isl 
the  cases  to  "wiiich  reference  baa  just  been  made^  there 
may  have  been  merely  a  rapidly  alternating  action  of  tbe 
organ  its  a  ^  hole,  rather  thifti  a  eimtiltaneoas  indcpendeni 
action  of  the  two  hemispheres  of  tho  Brain.    Some  of  th 
pheuomena  of  dreams  present  precisely  the  same  difticn 
ties — indeed  the  evidence  in  favour  of  a  double  Coneciona^ 
ness  is  here  even  more  striking,  since  most  of  us  may  b« 
able  to  add  our  own  personal  experi*'iice  to  the  teatiinony 
of  others.    We  refer  more  especially  to  those  cases  i 
which  tiie  dreamer  appears  to  be  carrying  on  a  long  con 
versation  with  some  other  person  ;  where  two  distinct  in^ijL 
ofthougbt  are  being  evolved;  and  where,  occasionaUy,  LherA 
may  be  evidence  to  show  that  the  whole  dream  has  been  90 
rapidly  produced  as  to  mukc  it  more  eany  to  explain  tbe 
phenomena  by  the  supposition  of  a  simultaneous  and  inde- 
pendent action  of  ihn  two  Hrmispheres  than  by  an  alter- 
nating different  action  of  the  Brain  &s  a  whole,} 

•  Dr.  Wigan'a  work  i>a  "The  Duality  of  tlie  Mind,"  1844,  U  « 
diifiise  uod  by  uo  meanei  well-urmugtHl  coutributiou  dcahng  witb 
the  Haroe  subject. 

t  The  conaclousness  of  the  dreumer  may  be  diatiaguished  onder 
tbe  name  of  Ideational  Coti»douflaefl«,  from  the  ordinary  consciou*- 
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(h,)  If  we  look,  on  the  other  band,  to  the  question  as 
to  whiit  amount  of  Intellectual  Power  is  posfsible  where 
one  Hemisphere  of  the  Cerebrum  hm  been  very  much 
damaged  or  atrciikliied  ;  there  can  bo  little  Jovibt  that,  aB 
B  rule,  the  psychical  powers  would  be  found  very  much 
blunted  or  paralyzed.  This,  howevorj  is  fur  from  being 
universally  the  case,  for  there  are  instances  on  record  in 
whieli,with  atrophy  or  extensive  dit^ease  of  one  Hemisphere, 
the  Intellectual  Faculties  appeared  to  be  in  their  normal 
condition. 

Preservation  of  any  conRiJerable  Mental  Power  when 
there  is  Rrcat  dama^^e  to  one  Hemitiphere  is,  however,  very 
rarely  met  with  when  the  damage  oceurs  late  in  life.  It 
ia  much  more  likely  to  be  encountered  ^vhou  the  diseaae  or 
daniftfre  has  fiet  in  or  happened  in  early  childhood:  at  a 
time,  that  is^  when  the  growth  and  texlural  deyelopmeut 
of  the  Brain  ifl  capable  of  nnderjjoing  considerable  modi- 
ficafioTia  that  may  fit  it  for  the  uioro  or  loss  isolated 
activity  of  the  one  Hemisphere — whieb,  in  the  cases  sup- 
posed,  may  be  almost  all  that  is  possible.  Such  an  early 
onset  of  tlie  disease  is.  iudecd,  found  by  the  writer  to  have 
existed  in  many  of  the  best  authenticated  cases  belongintr 
to  this  category.* 

Perhaps  iha  moat  remarkuble  of  nil  the  case*  of  this  watt  cm 
record  ia  one  which  was  obperved  und  reported  by  AndniL  A  man, 
whn  died  ia  his  twenty-fighth  year,  had  a  fall  wWm  three  years 
old,  after  wliioh  he  continued  paralyzed  on  the  left  aide*  The  right 
betniiipbere  of  tho  brain  waa  found  to  be  ho  completely  atrophi^'ct 

nesfl  of  tltd  waVhig  state.  In  each  case  the  seTtewHat  regions  of 
the  hemii*phereB  would  Bcern  to  be  the  initial  orcentral  tracts  wlinae 
activity  ia  ronaed— in  the  one  case,  by  real,  and,  in  the  other,  by 
revived,  sensorial  imi>re89iotia, 

•  "  Atrophy  of  the  L^ft  Heuiiaphere.*'  Ne^r  Sydeahani  Soc., 
vol.  li.  p.  15lj.  Several  caaca  nre  hertf  referred  to  by  S.  Van  der 
Kolkj  itieluding  the  one  recorded  by  Andral. 
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tLat  ft  great  jiart  of  llie  '  piu  maler '  on  this  riglit  side  formcJ  a  cy 
in  which  not  n  trace  of  oer«l*ral  mnlter  remfliued.  Th'in  m^mh- 
constituteJ  Uio  ii|i|«*r  wall  of  a  large  cuvity,  ih&  floor  of  wKtch 
alane  was  formed  by  the  Tbakinu^,  the  Carpus  Striatum  and  nil 
the  parts  on  a  l*Tfl  wilh  th«sc  two  bodies,  U'o  nervoos  mall 
exiattfd,  thorcforcv  above  the  levt'l  of  the  ^at  gajiglia  on  the  rig' 

— and  jet  AraJral  anya: — "Cct  indixridu  ftvait  refu  de 
cation  til  en  avuit  profits;  il  avuit  une  bonne  m^iDoire;  m  pa 
I'Luit  libre  et  facile;  sod  intelligence  iHuit  colle  du  comniuti 
homntee/' 

Cases  of  a  Binular  cluiractor  Lave  bt-eii  recorded 
Cruveilbier  and  others,  and  it  is  a  remarkable  fact  tb 
tfiere  has  been  not  only  a  preservation  of  &uch  an  amuuut 
of  Intellectual  Power,  as  to  have  given  the  appearance,  ik 
all  events,  of  no  Insa  in  this  direction,  but  that  the  speeiM 
modes  of  Sensibility  (such  aa  Sight  and  Hearing)  haYl| 
not  been  abolished  on  either  side — there  has  been  no  uni- 
kteral  Bliuduesa  or  Deafness  even  allhouj^h  the  greater 
purt  of  the  opposite  Hemiiiphere  may  have  been  destroyed. 
This  preservation  of  the  fipeciul  senses,  in  suoh  cases,  IIm 
wiiter  has  elBewhere  eLdoavoured  to  explain  by  an  exUj 
eiou  of  Broadhent's  hv^potbeKis  concerning  the  single  4I 
double  activity  of  '  motor  '  centres,  to  the  problem  as  to 
the  conditions  regulating  the  single  or  condjined  activitj 
of  tho  *  sensory  '  centres-* 

These  previously  recorded  cases  of  diBeuse  of  the  greater  pnrt 
OTn,'  Hemii?phi^rc  and  preservatioi)  of  the  J!iM?cinl  Senses  on  both  std 
stand  out  in  nolaUf  coritrast  with  the  nmrer^c^ntl^-  pablished  c* 
of  leeion  of  the  posterior  third  of  the  'internal  capsnle*  in  whi 
J{cmi'tirta?ihi!£ia  has  been  produced  (see  p,  In  the  latter  cl 

of  c^isoH  there  ia  a  Htutted  lesion  in  the  *  sensory  '  region  of  the  Ce 
hrul  Peduncle  just  before  it  comes  inti>  relittion  with  the  Tbalomoe; 
whilat  in  the  in  which  there  in  little  or  no  impriirmcut  of 

8snse  on  either  ifide  the  lesion  has  mostly  involved  i\w  froatal  and 
pfirietal  regions  of  the  Hemisphere  above  the  level  of  th«  Th^laitHlS 
•  "  Taralyai*  from  Brain  Disease  "         p.  106, 
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aodl  Corpua  Strintuni,  and  pei'Lups,  thorefore,  witliont  much  impli- 
rating  the  convoIutidQB  of  the  Temporal  Lobep  wliich,  as  will  be 
Bbovpn  io  Iho  next  chapter,  appear  to  contain  ceDt™^  or  regions  of 
gpecial  importance  for  Ecnaory  perception.  Tbeac  latter  caaca  ar6 
of  great  mturefit,  but  more  accurate  information  would  be  required 
before  w©  could  anfely  come  to  any  definite  opinion  in  regard  to 
tbem.  The  old  obaervatioiis  were  not  made  or,  at  all  events,  were 
not  recorded  in  that  rigoroualj  precise  manner  which  the  impor* 
tance  of  the  subject,  from  our  present  point  of  vioWi  olcarlj 
detnaud*^ 

But  wLUst  our  'Will'  is,  like  our  Int**llffrt,  aiiigle 
{altUoU|?h  it  ia  the  product  or  accompariinent  of  the  ac- 
tivity of  a  double  organ),  we  are  here,  on  the  occaaion  of 
iU  exercise,  brought  to  the  turning  point  where  'mental* 
gradually  give  plnco  to  *non*meulur  phonoineua. 

The  oatcoino  of  raauy  Yolitiotis  is  to  found  in  mus- 
cnlar  contractione  and  rela^tations,  and  tho  meve  passage 
of  '  outgoing  currents  '  has  no  conscious  accompftniment  of 
ary  kind.*  After  the  AVish  or  Deeire  with  'a  sense  of  elfort' 
(lAhich  together  seem  to  naake  up  what  we  individually 
know  of  a  Volition— so  far,  that  is,  us  it  reveals  itself  to  us 
as  a  phase  of  Consciousness),  we  have  to  do  with  mole- 
cular cun'ents  passing,  it  may  be^  through  several  sets  of 
fibres  and  cells,  but  having  no  conscious  side  whutevor, 
and  flpparently  lying  jut^t  as  much  outside  the  Rphere  of 
Mind  as  the  molecular  changes  in  the  muscle  which 
these  '  outgoing  curreuta  *  evoko. 

Jt  was  for  these  reason!^  that,  in  an  carlior  chapter,  the 
writer  was  led  lo  limit  the  sphere  of  Mind,  and  to  re- 
gard that  portion  only  of  the  Nervous  SyBtem  as  its 
fjrgau  whifh  has  to  do  with  the  reception,  the  trans- 
mission, and  with  the  vustly  multiplied  oo-ordinationa  of 

*  On  this  subject  eee  what  Sir  Wm.  Hamiltoa  aaya  in  bla 
'*  Lectarea,"  vol.  ji.  pp.  391,  31>2;  aUo  in  hia  "  Diaacrtationa 
on  Reid."  pp,  86r»,  807, 
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*irigoing  currenta  *  in  all  kinds  of  nerve  centres.  On  tbe 
other  hftiid,  we  were  led  to  regnrd  tbe  pbetioiueua  of  the 
'outgoing  current  *  as  non-mentnl,  and  Ihe  regioQs  of  tbe 
nervous  system  concerned  therewith  as  nat  etiictly  con- 
Btitatiiig  parts  of  the  *  Orgflti  of  Mind.' 

Certain  it  is  that  directly  we  pass  from  the  parel 
mental  side,  or  from  the  Rtarting-pointa  of  a  Volition, 
find  two  main  pathways  by  which  its  associated  stimnli 
tho  form  of  molecular  niovenieuts),  may  pass  away  fro 
the  cortex  of  the  Cerebial  Hemispheres  to  Mn&cles  on 
each  side  of  tho  body. 

The  mnacloB  of  the  right  or  left  limha,  or  BUch  groo' 
of  them  in  other  parts  as  are  nsuaJly  called  into  actioti 
independently  of  their  fellows  on  the  opposite  side  of  th« 
body,  receive  their  '  volitional '  stimuli,  as  we  have  fltated,^J 
only  through  tho  Cerebral  Hemisphere  of  the  oppo&i|^^| 
Bide.  But  bilaterally  situated  muscles  that  babituallT^i 
act  together,  may  be  stimulated  indiFerently  from  either 
HemiRphere  (Broadbent),  owing  to  the  existence  of  iuti-  j 
mate  commiasural  connections^  binding  together  the  tin 
plicate  Spinal  Centres  in  relation  wilh  such  muBclea  fid 
cioscly  as  to  make  each  pair  in  effect  one  Centre, 

A  highly  important  exception  to  this  latter  rule  Becnifl 
to  exist,  however,  in  the  case  of  the  bilaterally  meting 
musclea  concerned  in  the  Articulation  of  Words — that  is, 
in  ordinary  %eech.    Usually  the  stimulus  that  passes 
over  from  the  Cortes  to  incite  these  muscular  acts  isaaes 
from  one  Cerebral  Hemisphere  only,  and  in  the  great 
majority  of  cases  tho  Left  Hemisphere  is  the  sonrce 
Buch  Bpeech-incitations,    The  proof  of  these  statemen 
and  fmther  particulars  in  regard  to  the  paths  of  ontgoi 
etimuli  generally,  will  be  given  in  subsequent  chaplera. 
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3.  The  Functional  Relations  of  the  Cerebellum  with 
the  Cerebral  Hemispberes  and  the  Spinal  Cord. 

We  pass  now  to  another  eiibject  of  Biirpaasing  interest 
but  of  great  Db&ciirity.  What  are  the  functions  of  the 
Corelielhiin  ?  Tliia  i«  a  question  which  seems  inost  giniple, 
though  it  is  one  that  has  perplexed  pbysiolo^rists  for 
oyer  two  centuries^  and  muy  EtQI  be  considered  to  hold  its 
place  BB  a  tliorou^LIj  unscttk^d  proldom.  The  most 
Taried  views  have  been  entcrUiued  by  dilTureiit  physiolo- 
gists on  the  Hubject. 

Willttt  and  olli^ra  Imve  re^cirded  the  Cerelicllum  aa  tVie  prtnuipal 
fcguUtive  ctnti'O  fur  itivoliiut«ry  movetneiita  iis  well  aa  for  the 
futietioiis  of  vegt^tative  hl'a;  Vo'sille  and  uthers  buve  re^^atdod  it  aa 
a  *&ecitH)rii]m  coromiinot' or  jinncipal  o<enire  for  iugaitig  couacioua 
impreasiuttB;  Galj  [Liid  some  of  \i\ti  foUowerti  luoktid  apon  it  its  an 
ur^ati  chieily  concerned  wjlh  IhB  '  iiiistinct  of  i>rr>p4igiitiou '  or  tli*j 
*  Bexiud  npinstite ' ;  Flourcus,  Longct  and  otlier*  bave  tau^jbt  tliwt 
tbt*  C*^ri  l>cllnm  is  tho  seiit  of  a  facidtj  for  co-ordinnting  voluntmy 
aud  otlitsr  muscular  movenients;  Lubhuthl,  eiideavouring  to  expluin 
tbe  mot^e  in  wliicli  it  coordinates  voluntary  itinvejxietit»,  muketj  it 
tbe  Beat  of  tlio  *  rousculHr  sense*;  Rtil,  Jiiilaiidfl,  and  soma  moderu 
writers^  sticb  as  Tjiiys,  Weir-Mitclitit  and  otbers,  have  regardt*d  the 
Ccrebc'lbim  bk  an  or^iin  iur  eni^euderin;^  and  distributing  the  nerve- 
foToe  needed  for  tbe  iiiHtiguliun  of  all  kiiidti  of  movementj^,  and 
evcQ  for  BlimHluLiDg  other  non-motor  nerv«  centres.  This  by  no 
means  e^luittfits  tbe  ]i»tof  views  wliic^i  haveratonu  time  or  anotbcr, 
been  beld  concerning  tbe  fiintlionis  of  tbo  CtrcbuUura.  Other  no- 
tions in  regard  to  tbis  organ  will,  indued,  be  refi^rred  to  in  ^ribee- 
qnent  pagea. 

How  are  we  to  choose  from  amongst  these  bewilderingly 
diffetTiit  tlieoiios  ?  Vulpinn,*  after  carefully  reviewiug 
the  wbole  subject  iti  186G,  felt  unable  to  accept  any  one 
of  tbem.  He  contented  himself  in  the  main  by  drawinfr 
negiitivo  conclusions,  *' The  Cercbellam,'*  ho 
*  "  I*a  plija:vb>g,  du  Sjst.  Nervenx,"  pp.  i>0l-S4J. 
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Baid,  *^  takes  no  part  in  cc^rcbral  functions  proper, 
appears  to  have  notMng  at  all  to  do  vith  the  manifes 
Lions  of  lostLoct,  of  IntclUgeuce,  or  of  Will.'*  Wlietlier 
ahaolately  correct  or  not,  this  is  a  notion  commonlv  enter 
taineil.  On  the  other  hand,  that  certiun  ataxic  dlsorUera 
of  moTement  are  caused  by  lesions  of  the  Cerehellnm, 
Vulpian  fflt  compelled  to  admit;  thong:h  he  rejected  the 
commonly  entertained  hypothesis  of  Flonrens,  that  it  ia 
**  z  centre  by  which  the  co-ordination  of  yolnotary  and 
other  movements  is  efleeted." 

The  great  nncertainty  that  has  aUvaya  prevailed  ' 
regard  to  the  fuuetions  of  the  Cereholltim  is  dne  to 
various  cause;^.  It  is  attribatable  partly  to  the*  com* 
plioacyof  the  connections  of  thia  organ  with  other  regi' 
of  the  cenlral  Nervous  System,  as  well  as  to  the  obficn 
which  reigns  us  to  the  several  sources  of  its  'ingoing/  and 
the  destinntion  of  its  *  outgoing/  fibres — for  to  sappost 
with  Luys  that  the  peduncles  of  the  Cerebellum  are  com- 
posed of  'outgoing'  fibres  only  seems  to  the  wnter  at 
opposed  to  fact  as  it  would  be  to  the  plan  of  Kerre 
C^jBtros  generally.  But  the  uncertainty  as  to  the  re4d 
functions  of  this  organ,  is  due  also  to  the  variety  aof 
obscurity  of  the  symptoms  resalting  from  its  injnry  is 
any  of  the  lower  animals,  and  from  a  like  variability  of 
relation  between  symptoms  and  lesions,  revealed  to  those 
v'ho  study  the  effects  of  diseases  of  the  Cerebellum  in  Man. 

Tliesfl  Utter  vanatinna  are  attributable  partly  to  tbo  iatiraats 
connection  of  tbo  C^rebfllnm  with  oth&r  unportant  portioiu  of  the 
Brain.  This  mukcs  it  di^cuH  to  experitnciit  with  ihe  organ  in  tho 
lower  aminnis  withitut  great  risk  of  imtiiiinij  or  injuring,  now  one, 
ni>w  abQtl]4>r  af  theae  adjacent  parts;  and  equally  difficnlt,  on  tlie 
other,  to  get  unconip1iciiti:<<l  disease  of  the  (J^rebi^lhiBi — diaeaaetbat 
in  limited  to  this  organ  and  nnaaBoduied  with  Bjmptonis  rcsultipg 
from  preasure  on.  or  irritation  of,oth«r  important  parte,  sach  aa  tbf 
Medulla  or  *  poriA  VaroUL' 
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But  the  effects  of  tlie foregoing  sotirces  of  uncertainty  are  pro- 
lably  increased  by  what  wo  aball  find  to  the  well-grounded  con- 
siderutiotit  that  the  Ocrebelluin,  whatever  may  be  tho  precise 
nature  ot  its  iunctions,  doan  not  commonly  act  alone*  but  I'D  a  very 
consiJcnvble  eitent  in  conjunction  with  the  Cerebrnni  in  the  per- 
formance Dp  certiuu  fuQcttoD^  common  to  both.  Thus  it  s^oms 
not  at  all  unlikely  that  iu  caaoa  of  injury  or  di^caao  of  the  Cere- 
bellum th^re  may  be  some  coiupenBatory  Inert^ased  n«;tion  of  tlie 
Ctfrebmm — especially  where  tho  disease  has  laated  long  or  has 
commenced  at  an  early  age,  as  in  the  caae'  of  atrophy  of  tbia 
organ  in  the  g^irl  e^untinud  by  Cumb^tte,  and  wboset  case  re- 
corded by  Cmveilhier.  Lastly,  another  cause  of  difficulty,  teuding 
to  com[iltcute  the  iuterpretiitiun  of  the  reeulte  of  dUeaj^e  of  the 
Cerebollum^  may  arise  from  the  pOHsibiUty  that,  in  the  case  of  uni- 
lateral IcsionSf  the  sound  half  of  the  orgun  may  be  capable  of 
taking  on  and  dUdiarging  after  a  fftiihioa— perhaps  with  a  mere 
difference  fn  degree— the  fonctioiis  of  the  diaubJeJ  part  (see  p.  509, 
note). 

In  the  (wcG  of  all  these  dilUeuUies  of  iulerin-ctfUion  it 
mny  be  well  to  iiirn  Lack  aud  look  at  tlie  probloiu  as  to 
the  functions  of  the  Ccrobelluin  by  the  light  of  general 
principles,  aided  by  any  additional  illumination  which  wo 
may  bo  capable  of  obtaining  from  our  modern  knowledge 
(so  far  as  it  goes),  as  to  the  precise  anatomical  cannoc- 
tions  of  the  organ  with  different  parts  of  the  Cerebmra 
aud  with  different  tracts  of  the  Spinal  Cord. 

The  Cerebro-Spina!  Syatem  of  Vertebrate*  contamB  a  series  of 
'sensory '  and  *  motor*  centres  throughout  the  whole  lenjjth  of  the 
Ppinal  Cord  and  Medulla,  each  of  which,  whilst  capable  of  per- 
furtning  independent  functions,  IB  alflo  in  Buliordtnate  relation  with 
other  higher  Nerve  Ceiitresi, 

Something  similar  obtains  among'  Worms  and  Arthropods, 
Bat  the  Brain  in  all  Vertebrates  differs  from  that  of  In  vertebrates, 
in  the  fact  that  it  poaaesscH  two  double  morphologically  distinct 
part*!,  nnrepreeent'ed  amon^  the  latter,  or,  at  least,  unrepresented 
by  nimilarly  eepariiblc  part».  These  are  the  Cerebral  Lobes  nud 
the  Cerebellnm,  Malting  their  appearance  aa  comparatively  small 
■gments  in  Fi&hcat  their  relatire  size  and  development  incne^e^a 
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HRion^  K!|^hcr  Vertebralj^St     us  nt  last  ta  ilirow  all  other  iliv* 
of  the  Brain  into  the  eliado, 

Thero  are,  therefore,  m  Vertt*br:iies  Bome  funila.nientji1  spccializa* 
tiotis  of  function,  wliieh  are*  in  &!]  probability,  carried  n>ucb  farther 
than  in  any  of  the  lower  atiimaU,  tbe  existence  of  which  »fem« 
bfcomo  marked  by  the  development  of  parts  bo  distinct  niorph 
logically  as  the  Cerebral  t*obca  ftn<3  the  CercbelhiTii. 

But  it  is  to  b«  re^rded  as  one  of  tho  best  estntbUdhed  of  pbjrsi 
loijical  facts  that  the  Cerebral  Hemiiipbtres  or  hohca  are 
principal  orgnnB  of  Cotiaciuua  liitelligenco^including  under  lIi* 
term  Sensation  and  Perception,  Ideatioa  and  Reaffmiing^  i4^>[;tfth 
with  tho  pritnary  plieiiomena  of  Einotioti  Qiid  Volition.  Thi.*  Iw 
HetiiispbercH  tog'ether,  t!u'rt?roi*fi,  constitote  the  aupreiuw  orpin,  I' 
lust  term  of  the  series  of  ciMitrea,  in  which  ')iigi>)ni;*  impreMi 
arc  brought  into  relutioD  with  one  another. 

But  two  thixjgs  are  now  ftlmost  equally  certain  in  regurd  to  I 
Cerebellum;  first*  thut  it  has  no  appreetuble  ehare,  a^  an  indepe 
dent  orgDu^  in  the  carryinfj  on  of  &ny  of  th^se  processes  which,  i 
their  totality,  are  comprised  and*?r  the  head  of  ConBcioiis  IntelJi* 
gence?  and,  secondly,  that  its  activity  ia  unmiMtnkeably  miied  np 
nt  tinmo  way  with  the  aiumura  power  of  execnting  MoremeTita.* 
In  what  preciflB  niantier  it  is  ndtited  to  the  exeii^ution  of  More* 
nieuta,  and  to  what  Muveinouta  it  is  bo  related^Jire  the  problems 
principally  requiring  to  be  solved,  «dJ  to  these  Bubjecta  wc  mast 
now  turn  our  attentinn. 

If  we  bwk  then  to  the  fact  that  Ihroiighont  the  Kervona  5yflt 
of  lower  animals  'sensory '  nod  *iuotor'  nerve  centres  exist  iu  co 
lated  paira;  if  we  look  to  the  eimuHaneona  appearsneo  of  t 
('m<bnd  Lobes  and  the  Oerebellutn  in  the  aninml  eerier;  if  we  Ci>a 
Hidtir  that  the  Cerebral  Lobee  or  Hemispheres  hove  been  pnorr- 
to  be  the  aupreme  ceEitruB  fur  ^tngniag'  imprei^sionfl;  and  if  thfl 
Cereljelliim  has  been  almont  equsilly  well  proved  to  be  a  great 
•mot<>r*  centre  of  sovae  kind,  it  seema  a  fairly  legitimate  Inference 
from  the  foregoing  facta  that  the  Cereb^llutn  is  the  t^nprenae  motor 
centre  co-ordinate  with  tha  Ccrobruin,  uud  that  tbey  form  the 

•  See  Owen.  "  Anat.  of  Vertcbratea/*  voh  i,  pp.  487,  488.  ITi* 
hypotbeaia  of  Gall*  that  the  C^relxdlom  is  the  «eat  of  th«  '  sexoal 
inatinct,'  has  little  or  ]i<)thLti«,'  to  \x  iiaid  in  its  favour  which  tnaj 
uot  be  otherwise  much  butter  explained  {see  *  Ferrjer^s  Funtztiumi 
of  the  Brain/'  p.  122}. 
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final  '  8«|]6ory  '  and  '  motor '  conple,  orgauizcd  or  aitu&eil  to  aotno 
eitetit,  like  inferior  couplefi,  for  conjoiitt  aclivitj* 

It  may,  however,  be  at  one*)  acknowknlged  that  tho  relation 
between  ihesc  eupreniii  ingoing  and  outgoing  cetitrea  ia  Miiii  and 
higher  animaU,  mn^t  necesaarily  be  very  difft^rent  and  much  mora 
cotnpkx  than  that  eiisting  between  lower  cuiiplea  ia  tlie  saam 
aniiualn,  or  than  that  existing  between  the  higher  coaplcs  uf 
«och  ttuimaU  a&  a  Ceutit^-'^-le,  a  Gasteropod  (fig.  '27)  or  uay  olher 
In  vertebrate. 

The  rulatioHB  between  ingoing  impresfeionij  and  reaponfiive  action* 
throngh  tho  interveDitig;  activity  of  lower  centrea  in  Mao,  or  the 
higher  centres  of  a  louver  animal,  are  coinparativt^ly  sitiiple  arid 
direct;  but  in  bii;her  animals.  joHt  aa  the  organ  of  Coneciuns  In- 
telligence increases  in  iutenial  c^miplcxity  and  bulk,  so  do  the 
chances  increase  of  the  intervention  of  cttnpUcnted  nervoiia  pro- 
oessea  between  the  rKoeption  of  certain  SunBortol  Impressions  and 
any  action*  which  moy  ultimately  result  therefrom.  -The  acta 
that  follow  ill  Buch  &  caee,  as  a  result  of  'deHberation/  mtij  be 
of  a  uew  and  nnaceuetumed  order — cousciDuiily  conceived  and 
instigated. 

As  Seusorittl  Consciousness,  and  the  Intelligence  that 
grows  out  of  its  esercise,  iucreasijs  in  iutensily  and  c(im- 
pleidty,  this  side  of  life  becomes  all  engrosBiug  and  the 
CoiiRciousuGSS  of  the  animal  (or  its  Attention)  is  proportion- 
ately divoricd  from  ita  Visceral  Seusationa  and  Movemeuts, 
AB  well  as  from  tlie  greater  part  of  the  multitudiuoua  *  utito- 
malio  *  and  *  aecondary-automatic '  Movemettla  concerned 
with  its  external  life,  or  'Life  of  Rolatiou/  The  'area' 
of  Consciousnesa  is  limited  in  one  direction  and  widened  in 
another,  and  new  acquirements  T\'ould  never  bo  made, 
oither  in  the  sphere  of  Sense,  of  lutcUi^'euco  or  of  Volun- 
tary Movement,  unless  liahitual  and  ever  recurring  Impres- 
sions might  of  themselves  (withoiit  eDgagiug  our  Con- 
sciousness) evoke  related  MovementK — that  is,  unless  these 
latter  eonld  he  executed  aud  regulated  under  the  super* 
intfendence  of  some  great  centre  in  response  to  mere  '  unfelt* 
Thus  it  becomes  obvious  that  it  would  ba 
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higlilj  AdTanUgcoufi,  if  not  absolotelj  ^ecexaiuy,  for 
animals  in  wliom  Con  scions  lulelligeEce  obtaiofl  m.  fai^ 
JeTelopmeni,  that  tbeir  principal  motor  centre^  Use  Cere- 
beUnm  (and,  for  the  present,  we  assume  it  to  be  •otne 
eadi  orgut),  fiUonld  be  in  relation  with  tlie  Tartoiw  in- 
going' DCTTCB  of  ibe  body  and  wilb  their  con^spoDding 
nerre  centres,  irom  the  lowest  to  tbe  bigbest — or,  at  aU 
evcntsr  from  some  of  tbe  lower  to  the  higbosL 

hy  its  connectioD  with  the  higbcst  *  sensory  *  cent 
naxDely,  tfaoBe  of  the  cortical  grey  matter  of  tbe  Cert'bmm, 
the  Ccrebellam  would  be  enabled  (a)  to  take  part  in  Volun- 
tary and  all  other  ^fovemerts  which  follow  (iuMnediatcly 
remotely)  the  instigation  of  Conscious  Impressions ;  an 
by  its  connection  wiLh  lower  centres  of  different  grades^ 
it  would  be  enabled  (h)  at  the  instigation  of  'unfelt* 
ImpressionR,  to  take  a  much  larger  share  in  the  productio 
and  maintenance  of  complex  *  antomalic '  and  *  secondrtry- 
aatomatic '  Movements  generally — just  such  a  sharoj  in 
fact,  ns  the  lower  spinal  motor  centres  take  in  the  execu- 
tion of  spinal  *  reflex'  Movements.* 

Tbe  mecbaniKm  of  Voluntary  Movements  will  be  anbse* 
qitently  referred  to.  It  is  only  needful  here  to  point  ont 
that  *  Volition'  proper  is  inseparable  from  Senfiorlal 
Activity,  IntelJigence,  and  Eeason^  so  that  tbe  atarUng 
points  of  Volitional  'stimuli'  muet  bo  Bomewhcre  in  the 

*  In  an  anicnul  like  the  Frog,  ia  ^liich  tbe  Corebellam  is  very 
fTEnuU  and  ill-d^^velujied,  eveD  TnDremetits  of  locomotion  are  capable 
ofbritigcxecutcfl  under  the  ^indanre  of  the  Spinal  Cord  alone.  Itii 
Ti'ry  BwrpriHing  totind  that  a  Frog,  whose  Cerebrum  and  Cervtellav 
hiive  bf^ii  de^troyi-d^  can  Btili  Btund,  and  even  leap.  It  la  surpri»- 
ing<  that  iit^  if  we  look  at  it  from  tbe  poiai  of  view  of  what  would 
hfip]i'_'n  to  one  of  tbe  higher  aiiimala  ui^der  Bimilur  ct  ream  stance^ 
lujt  much  leei  so  it  we  conaider  the  degree  and  kind  of  locomotc 
powrm  that  would  he  potsessed  hy  many  Ina^ta  ftimilarly  mti'^' 
latfNl. 
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organ  of  Conscions  Intelligence,  viz.,  the  Cerebrum.  It 
is  tbe  *  Actuation/  ox  cairying  into  effect  of  a  Volition 
destined  to  issue  in  Movement,  which  devolves  upon 
Motor  Centres,  aiii]  tLore  in  reason  to  believe  thut  iho 
Cerebellum  oo-operatea  with  the  Corpora  Striata  in  the 
rculizfttion  of  thia  seconiiary  part  or  phasis  of  an  ordinary 
Yolitionul  Act  and  its  connL'c^ucnce, 

Two  principal  questions  present  themselvcB,  therefore, 
as  a  result  of  what  has  been  hitherto  said  concerning  the 
probable  functions  of  the  Cerebellum*  [1)  "Wliat  evidence  is 
there  to  show  that  the  Cerebellum  is  largely  concerned  in 
the  production  of  *  automatic '  and  *  secondarj^-automatic ' 
Movements  in  response  to  'unfelt*  Impressions  7  (2)  What 
evidi^nce  is  there  to  show  that  the  Cerebellum  is  con- 
cerned in  the  execution  of  Volautai^y  Movemeulsi  ? 

Tbe  auBw^era  to  IheEO  questions,  bo  fur  as  they  can  bd 
given — and  that  by  way  of  suggestion  rather  than  as 
positive  affirmations — may  bo  btset  set  forth  in  connec- 
tion with  some  statements  as  to  what  h  known  of  the 
composition  of  the  several  Peduncles  of  the  Cen  helium* 

There  is  reason  to  believe  that  it  is  principally  through 
the  intervention  of  the  Upper  and  Lower  Peditnchs  that 
the  Cerebelhim  receives  impressions  of  an  unconscious 
orderj  which  enable  it  to  take  part  in  the  production 
of  certain  responsive  '  automatic  *  and  '  secondary- auto- 
matic* Movements. 

Tbe  reasons  in  favour  of  iKis  view  are,  first,  ihut  the  UpT^er  and 
Lower  PcduDcleei  contain  many  different  kinds  of  *  ingoing'  fibres, 
although  it  has  b«cn  abTjmJantly  proved  that  the  Cerebullntn  ia  in. 
no  aeng*  an  organ  of  Coiisciouu  lntclligi;iice;  8t*con<lly.  it  is  aup- 
portetl  bj  the  fact  that  in  Fiahea  and  Re[>tilea  tliuso  Ptidunclea 
alone  cicist — Ui«  Mitidle  PeOnncli^fl,  aud  with  them  tho  'pons 
Vurolii,'  being  notoriously  absent-  For  it  is  reasonable  to  suppose 
that  the  mere  'automutic'  or  '  bciisori-cnatoi  '  functions  of  ihe 
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rercLelliim  woulJ  be  estiiyiahed  earlier  tlmti  thosi  lq  reiaiion  wit 
Voluntary  Actions,  in  atiimaU  io  whom  the  forfljcr  clanh  of  Mov*- 
intitits  m'C  much  more  frequent  and  uumeroua  thau  ih?  lutter 

To  enppisc  that  the  ingoing  {or  *  sensory  *}  fibres  of  the  Ctf^ 
bellum  merely  convey  to  thia  or^n  incitHtioua,  which  cuaw  crrta: 
ganglionic  vlementa  in  tU  coilical  Grey  Matter  to  'dtschat^ 
thi^niselvQs  cJoug  detinituly  correUted  outgoing  fibrea  (bo  a*  ta 
aroUKC  vuriuu$(  lower  Motor  C<?ntreB  in  particular  uiudes  of  cam- 
binalion)*  eiiuhles  na  to  acmnnt  for  the  sensory  relations  of  ibo 
rpper  and  Lower  Cerebellar  Fi  dnuclcs  without  ]ookinj^  upon  tfa« 
Cerebellum  itaelf  as  a.  kind  of  *  BfrmoriuTii  commune* — it  was 
erTDiieooaly  regarded  by  Fuville  and  other*.*  If  it  ia  to  minuter 
to  the  execution  of  '  aittuniatlc '  Movecni^Titfti  inBti;^aied  by  nil 
kinda  of  '  ingoing  *  Itiipret^^ionsp  it  in  obvious  that  it  most  b^ 
brought  into  rt-lation  with  these  [fverhaji^  UJoiJily  through  *jdt*f- 
nuncial '  fibres),  though  it  is  not  at  all  Dcocssar^  that  the  inddmei 
of  such  Itiipreseiooa  upon  the  Cerebtflhim  should  I*  QttenO*d  h% 
any  pbat^es  of  CunBciousueas* 

Lower  motor  centres  iti  the  Spinal  Cord  are  iu  iuimediiita  vc 
tioB,  through  *  inteninnciul  *  iibres,  with  corroaponding  flcofto 
centres.    The  Cerobelluro  wonld  seem  a!ao  to  be  in  relation  wilh 
mukitudcft  of  fibres  of  thia  tyijo  reaching  it  frrjin  more  ot  leas 
diataut  '^'n^ury*  centres  of  different  kindu.    There  is  no  is 
person,  howBver>  in  coiiHtqiietice  of  such  a  relation,  for  attribute 
'  isentiory '  futictiona  to  th©  Cerebellum,  Ihun  there  would  be  f 
attributing  similar  functiona  to  the  grey  matter  in  the  anteri 
horna  of  the  Spinal  Cord.     Such  relatioua  with  '  sensory  *  nncl 
or  centres  are  ifitlispenaabl*?  for  a  Motor  Uetitre.  whether  it«po«itiofl 
be  high  or  low :  ouly  the  higher  it  is  the  more  numeruuB  are  theifl 
connectioiiB  lillctily  to  b«. 

Althouph  BQino  of  thtt  fucla  con(!flrning  the  connectiona  of 
Cerebfllum  with  *  ingoing  *  nerves  hav©  be* n  better  anl^atautifttt.' 
in  the  Brains  of  lower  Vertcbrat^e  than  in  that  of  Man,  they  arfl 

•  Or  without  having  recourae  to  any  eucH  bypothe»ia  qb  thai 
of  Herbert  Spencer  Principltbg  of  rsychology,"  vol.  i.  p.  61),  tO 
tho  elTtCt  that  "the  Cerebellum  is  an  orgtkn  of  doubly^compcxiiij 
co-ordinution  in  rpac*/'  concerned  with  the  co-ordination  of  co- 
erifitent  Impressions  and  Act«t  juat  as  the  *'  Cerebrura  ia  Jin 
organ  of  duubly-eompound  co-ordination  in  timct"  and  th«raf(Mf 
«ocicemed  with  sequontiol  ImpreaaioDH  aad  Acta. 
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BOansely  Jcsu  valuable  or  snjEg^stiv©  on  tlji*  ftcooimt,  Hiaoe  tho  fuiio- 
lions  of  the  CDroliolliitn*  like  its  ultiinnie  structure,  fire  prolmltly 
iinif'Ttr.  in  kind  tliraiijilitHU  nil  t-lii'^sea  of  t!ic  Vurtebrutu. 

By  tjieflns  of  tliu  fjpper  Pednnth*  there  U  jg^ood  i'«ason  to  betii^vc} 
ihut  tlie  Opiic  Lobed  of  Fisltes  arc  brougitt  into  immediate  relintioii 
w'itli  thdr  rutliinvotary  Cyreboilutn.  The  fibres  Qonstitiitin^r  tlieso 
fH-ilniicles  puiid  from  the  SL'|»turii  between  the  0[rtic  Lobes  to  the 
p4)rtion  of  the  Cere^H*lliiTn.  Ju  Mun  the  smne  pediind(.% 
starring  froni  the  *  red  tiuclfjiis'  m  tJio  sensory  traft  of  the  Cm?), 
decU3i<«te  beneath  the  Corpora  Qiifldriiremiuji,  and  thonce  proceed 
ill  a  FiUglitly  diveriBtent  ilireetiuti  to  the  antiTior  portion  of  the  C>ero- 
bt'lliiin.  It  is  bigfily  prubahlc,  thorefure,  that  in  Mnn  alHO  tlie^e 
Upper  iVdtiticlfs  ill  part  servi^  to  brifsg  the  Optic  Centres  into  reU- 
tiou  with  lh«  Ot?r&bfltum- 

Asulji,  accord tnfi!;  to  Mfvoprr^*  n.  portion  of  tlie  prcat  rout  of  tha 
Fifth  Kerve  or  *  Trigtfmintis/  lies  on  the  upper  nnd  outer  bonier  of 
this  Upper  Pedunde,  and  a  portion  of  the  root  of  ibo  Auditory 
Nerve  is  Sfmilarly  dispoHcd,  Jn  some  Fisht*8  the  gnnplion  at  tho 
root  of  the  Fifth  Nerve  is^  flocordin^  to  Owen,  directly  connected, 
by  Iiie;m3  of  eonie  vortieal  tihres,  wilh  the  Coreb4'lluni, 

Thiis,  thmi^b  nlmost  nothiii'i  is  known  as  to  any  relu-tiona  oC  iLo 
Olfactory  Lobe  with  tlie  Cerebellum,  it  seeiuM  certain  thfit  X\x^  next 
three  sensory  cranhd  nerves  (viz.,  the  Optic,  the  Fifth  and  the  Au- 
ditory J  come  into  relatioa  with  the  Cerebdhim  throngh  Ua  Ufiper 
Peduncles. 

Hut  it  seetna  posaibk  that  tha  various  corHcal  '  Perceptive  Cen- 
trca'  in  the  Cerebrul  KctnisphLTes,  iiiay  also  be  brought  into  ruin- 
tion  with  the  Cerebelhim,  by  internnneial  fibres  passing  throii^jh 
the  *red  niicJeua'  of  the  TejmicTitn'ra  and  thii  Tpper  Cerebellar 
Peduacles.  Id  sneh  ii  ciae,  these  fibres  mtffht  convey  ^afferent' 
stimnli  in  relulion  with  Ideo-Motor  and  Volnntnry  Movementa, 
whilst  those  coming  to  it  from  Sensory  Nerves  or  their  Ganfflia 
may  coiivey  'afforcnL'  stimnli  capable*  of  evoking  movements  wbioh 
h'A\a  heeomo  'aiitomatic'  or  wliioh  lire  of  the  *  aecondttry-automiitie' 
order.  Other  fihrea,  however,  nest  to  bo  referred  to,  ?eetn  alao  to 
belong;  to  tlti«  latter  category.  Whether  the  Upper  Peduncles  con- 
tain afforetit  fibrca  only,  wo  have  no  meiin&  tit  present  of  dechling, 

Ea'"h  Levi^r  Padunde  of  the  OercbolluTn  in  Fishes  ia  in  oloee 
relation  witli  the  two  *  visceral  *  sensory  nerves,  vi^.,  the  Yagua  and 
•  Strieker's  "  IILstolosj,"  vgl.  ii.  p,  460. 
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GTf>ssd'p!mryuL;cAl,  tind  alao  vrhh.  the  gr^ut  *  laU-ral  nerve?,*  wWc 
are  neually  tribatark^s  to  tlio  second  root  uf  tlir?  Vagus.  The 
wltole  of  this  Iftttiif  root  entera  the  Lowor  reduucIejiiBtbeJow.  or 
by  the  side  of*  tbe  Cereb^lluta.  Xhla  relation  Is  not  ao  diatinct  m 
snm©  other  Vertebrates*  though  in  all  of  them  the  roots  of  iho 
Vu^B  are  in  olore  relation  witli  t)ie  Lottct  Pednnde  (or  '  resUfona 
body').  There  is,  moreover,  g^K'd  reason  for  believing  that  th 
f^roat  ittujority  of  the  fibres  of  these  PedaiicleB  are  afferent  fibrvs. 
which  come  (perhaps  by  a  doubly  decussuting  course  throagh  the 
Spinal  Cord  and  Medulla)  from  Viscera,  Mtisclea  and  Skin,  on  tlw 
eamo  side  of  the  bfw]y — lu&toad  of  enbpring-  thum  directly  like  ih* 
gtvai  Mnlerai  nerves'  or  the  Vagus  itself. 

But  in  addition  to  seTiaory  nerves  from  intcirnnl  and  cxiemal 
piirta  of  the  body  generally*  the  Lower  Poduticles  of  the  Cerebellam 
aUo  tmiiamit  to  this  organ  numoroxis  Hbree  of  the  Auditory.  Tbi* 
arrangement  obtjiitis  in  Man  aa  wtdl  aa  in  lower  Vertebrates.  1 

In  reference  to  the  \iewB  of  Cyon  (p.  218),  that  there  are  twq 
distinct  nerves  included  undi^r  v>ha.t  is  commonly  known  as  thtf 
Auditory,  it  ia  not  without  iutevest  to  dud  scime  of  ilfi  jfibrea  g;oin^ 
trtthe  Cerebelhira  by  the  Qpper,  and  otlicru  by  the  Lower  P(*duacl«. 
The  extensive  cotineetiona  of  this  double  nerve  with  the  Cerebellum 
are  alao  of  considerable  interest,  in  view  of  tlie  rehillons  of  analo- 
gnua  nenrcs  in  the  miijnrity  of  Molluaka  (and  in  auch  Insoola  bm 
they  are  known  to  exist)  with  their  principal  motor  contrea. 

It  seems  quite  certain  that  each  Lower  PedTjncle  of  the  Cerebellam 
alyo  contiLine  Honie  efferent  oroutgoing^  fibres,  and  that  these  (thouj^h 
prob.ibly  existing  eleo  in  other  parts)  are  gathered  into  a  stiiiill 
fasciculus  (Brat  described  by  Solly)»  which  ptisiieB  over  tbe  outer 
border  of  the  corresponding  Peduncle*  and  thence  aweofMi  rotind 
the  lower  extremity  of  the  'olivary  body'  to  join  the  anterir' 
column  of  the  Cord  jost  above  the  'decussation  *  of  the  PyramiJ*,: 

There  is  reason  to  believe  thai  it  is  through  the  interren- 
tion  of  the  MuitUe  Peduncles  that  the  Cerebellum  princi- 
pally co-operatea  with  the  Cerebrum  in  the  actual  exccutio"" 
of  VtduDUry  Movements — thotigh  its  iiicitations  to  ta 
part  in  these  movements  may  also  come,  a3  we  Lave 
already  BUgfjestod,  from  the  ^  perceptive  centres '  in  the 
Cerebral  Hemispheres,  by  way  of  the  '  red  nucleus '  atnl 
the  Upper  Peduncles* 
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The  fact  tLiifc  the  Cerobellam  does  co-operttle  with  the 
Cerebrnm  in  some  way  is  cleat,  bccauso  it  has  been 
proved  that  atrophy  of  ono  Cerebral  Hemispliere  leada 
to  atrophy  of  tb^  oppoaifce  half  of  tho  Cerebellum.*  And 
(hat  the  Cerebellum  rcHponda  to  stimuli  from  the  Cere- 
brum, rather  than  rkc  rersd^  seemfl  shown  by  the  fact 
that  alropbj  of  ono  half  of  the  Cerebellum  baa,  on  the 
other  hfludj  no  tendency  to  cause  atrophy  of  the  opposite 
hemisphere  of  tho  Cerebrum, 

Tli(J  [lotion  that  the  Middle  PcduTicles  are  tho  parts  by  whicb  the 
retation  between  the  Cerebrum  and  the  Cerebellum  18  pHuctpaUy 
brought  about  in  VolitiuDal  Action^  ia  atronply  BUpporteii  hy  two 
aetij  of  fEkcts;  first,  hy  the  later  developmt!tit  of  these  Midd^Q 
Pcdundes  and  of  tho  latcnU  lobes  of  the  Cercb^'lhitu  with  which 
thej  are  principally  connected  in  the  animal  seritis,  as  woU  as  by 
thoii*  progressive  increuHO  in  atiU  liighcr  auimulHi  and  by  their 
Duiximum  size  in  Maii^t  peconJly,  the  view  is  aUo  borne  out  by 
what  we  know  of  their  nnatointcal  relutions.  Broadbenl'a,  as  well 
as  Mt'ynert's,  di*gcri[>tion9  give  ns  Bome  warrant  for  bcUevmn  that 
6br^a  pass  from  eaeh  Middle  Peduncle  of  the  Cerebellum  to  tho 
oppottite  half  of  the  'pons  Yurolii,*  and  thence  (by  waj  of  tho  Crua 
Ct^rebrS)  in  part  direct  to  the  cortex  of  the  Hemisphere,  and  in  part 
to  the  Corpus  Striatum  only.  Other  of  its  fibres  may,  perhupH, 
pass  down  to  motor  centres  in  the  Ponii  itself,  or  to  similar  centrea 
m  the  Medulla  ^ 

*  That  ia  when  the  atrophic  process  of  the  Hcmiaphere  in- 
volves euch  parte  aa  to  entail  a  Hemiplegia-^r  paralyeia  of  the 
opposite  aide  of  the  body.    (Bee  p.  393.) 

f  Meynert  ^Stricker'a  "Hiatology,'*  Eng,  Trana*,  ii.  p,  45{i)  calls 
attention  to  the  fact  that  as  the  Cerebral  Hemiapherea  increase  la 
»ite,  so  do  the  motor  diviBione  of  the  Crod,  and  bo  also  do  tho 
Middle  Pednncles  and  '  laten&l  lobea  *  of  the  Cerebtfllam,  (^eo 
p,  278  for  Bome  remarfca  touching  tliia  kind  of  correlation.) 

X  From  the  cells  of  Ibc  Curpus  Striatutjif  accoribug  to  Meynert, 
there  descend  "  two  sub^equetitly  diverginj^  tructa,  one  raanitjg 
into  the  Spinal  Cord,  the  other  into  the  Cerebellum."  The  latter 
aftcends  aa  a  thick  fuscicultia  in  the  Middle  Pednncle  (loo.  cit  p. 
375).    This  faaciculus  may  contain  a^^cendi^g  (*  afferent*}  cerebellar 
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Aei  tlienc  *eflermt*  fibres  of  the  CerebcIInin  pnsceed  ta 
<^ppo»ite  ni«>tor  tracls  of  the  Cen*i»ruai — above  tb«if  seat  of  *<lecaa» 
patiuti '  in  the  MeJulU— the  half  of  tbe  C«rebdJaiii  trbeoce  they 
ipene  would  [hy  r^L^ii  oi  thin  lower  *  Jecusntioa  *  of  the  Aiitcnor 
Pyrnmidi)  be  Wongbt  into  rvlation  whi)  the  hmhm  of  the  Qort**- 
ponding^  side  of  the  bodf.  Thia  dirvdU  ratber  than  cpqot* 
]£  oJso  mdicated  by  exi>eiiinenta1  ob^rrationB  with  lower  j 
and  by  tbe  phenomena  of  duease  obsemiUe  in  Mao. 

Putting  all  these  facts  togetb^r,  it  seems  that  tbm 
K'llum  may  be  regarded  as  an  enonooasly  d 
supreme  'motor  ceDtre/  tbe  Lateral  Lobes  of  which  co- 
operate iD  cross  relation  with  those  of  the  C<?rt»Lrcim  in 
the  actual  execution  of  Voluntary  Moveoient^ ;  IhoBgh  it 
is  also  an  organ  accustomed  to  act — pecLaps  to  a  jar 
gmtter  eictent  and  more  coDtinnonsh^ — in  the  exeouU 
of  complicated  Antomalic  Moremc-nts,  in  response 

*  nufelt '  impressions  coming  to  it  (mainlj  throagh  iu 
nnncial  fibres)  from  *  scnsorr  naclei  *  of  ill  kinds* 

Though  tbe  Upper  and  Lower  P^uhcIpb  woold 
to  be  the  principal  channels  tUrongh  which  these  latter 
afferent  impressions  reach  the  Cerebellum,  only  a  pill 
of  their  relat4}d  outgoing  stimuli  may  go  along  the  Lover 
PednncJee;  oiUera  of  them  may,  in  higher  f"'*^*K 
Lraverse  the  Middle  PediiiicliBS*  Howerer  Ihift  may  be.  it 
vonid  appear  that  all  affmst  Cerebelkr  iiapMMona  Um& 
are  destined  to  escile  Automatic  MoTements,  and  w] 
happen  to  emanate  from  one  half  of  the  body,  proceed 
the  corresponding  half  of  the  Cen^bellQm — whether 
^  direct  (as  seems  to  be  the  case  with  fibres  Uio 
Fifth,  tbe  Anditocj-  and  oUier  cmni^  oerrefi  i ,  or  only  after 
two  deemaationg  (as  wms  la  be  tlie  ea^  nith  fibres  from 

fibr«t  aa  weO  a* 
clmtoQS  are  oucrect ; 
Wartc/tWOMtM 

*  ^ip|Tcr  padaadu^* 


thsl 

3 


CcAmii*)  fibres  if  Mcyaart'i 
thoagb  iht  wntet'a  aottoa  a  thai  ton*  al 
tWf^t  *  f  V>  TToA  tba  OeftWlun  by  tht 
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the  Optic  NfTves,  and  with  the  ordviar^  Sensory  Norvea  of 
the  body). 

In  the  rclntiona,  therefore^  of  the  Ccrebroni  witli  tlie 
CcrtibeUum  for  the  execution  of  Voluntary  Movements,  cross 
connections  exist  analogouB  to  those  between  the  Cerebral 
Hemispheres  and  the  opposite  brtkes  of  the  Spinal  Cord. 
Whilst  in  the  part  which  it  plays  aa  a  supreme  motor 
centre  in  connection  with  the  higher  kinds  of  Automatic 
Movements,  the  Cerebellum  is  fij^ain  culled  into  activity 
precisely  as  if  it  were  a  very  specialized  ae^ient  of  the 
Spinal  Cord  itself.* 

If  we  are  to  attempt  nhortly  to  sani  np  its  functions,  it 
may  bo  said  that  the  Cerebellum  ig  a  supreme  Motor 
Centre  /or  reinforcing  and  for  helping  to  repnlate  the 
qtud'iUtltve  ami  qnatHliath  e  i^hfrihutton  of  ouUfotntf  cur- 
tents,  iji  Vtfbmtttrtj  and  Atttotutttic  Actioju  rcHpcctiveh/ t 
OF,  more  briefly  still,  that  it  is  a  supreme  organ  for 
the  reinforcement  and  regulative  distribution  of  out- 
going currents. 

After  what  has  been  already  set  forth,  ami  in  face  of  all 
the  difficulties  previotisly  enumerated,  it  is  easy  to  ima^nne 
that  the  Cerebellum  mi^ifht  appear  to  some  to  be  an 
or^an  largely  coneeruoJ  with  the  *  co-ordination  of  raoT©- 
meuts';  that  it  migiit  (>e  ref»ardt'd  by  ol hers  as  the  seat  of 
a  '  muflcnlat  sense';  and  that  it  should  seem  to  otliera 
stilli  to  have  to  do  with  the  *  supply  or  liberation  of  motor 
force  for  mtivemeuta  generally,*  On  the  other  hand,  that 
should  appear  to  have  nothing  to  do  with  Instinct, 


•  Sec  p.  5ft3*  Many  of  these '  seDBori- motor'  or  Automtitic  Move- 
nients  would,  liowever,  be  of  ji  bilntenal  type ;  and!  phcH  M<^vement8 
wontd  prukwiUy  be  ercitable  through  either  half  of  tlie  Cerebellum 
(uB  it  IB  with  the  Cerehmin),  H(jm>?  we  have  nnother  reason  why 
nuiliteral  diaeaaes  of  the  Ci't-eltellum  should  ofttii  be  associated  with 
bHCiirG  and  ill^dcBned  mptar  deft'cLe. 
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with  Intelligence,  or  wjth  Codscjous  Sensibility,  notwith- 
etatiding  the  fact  that  it  is  a  recipient  of  fibres  from  all 
kinds  of  *  senBory '  nuclei  m  as  much  in  harmony  ynlh 
reason  as  with  exi>eriment — in  view  of  the  rellex  function" 
which  have  hecn  assij^^ued  to  it*  And  if  the  function  o 
the  Cerebclkim  be  merely  to  discharge  or  give  off  mole- 
cular energy  for  the  initiation  of  Muscular  Movements,  in 
rojsponse  either  to  definitely  localized  Volitional  Incitatiou$ 
coming  to  it  from  tlie  Cerebral  HeiniBpherea,  or  in  response 
to  equally  well  localized  though  'unconscious*  InapreM 
eiona,  coming  from  the  moat  variouB  *  sensory'  nucM  it 
the  base  of  the  Bruin  and  in  the  Spinal  Cord;  we  miglit 
expect  that  its  microBcopic  structure  would  be  practically 
the  same  throughout  all  parts  of  its  vastly  convoluted  and 
extended  auperficial  Grey  Matter — aud  this  it  is  foond 
to  be  ;  wc  might  expect  also  that  in  bo  fur  as  it  is  related 
to  the  Cerebral  Hemispheres,  the  Cerebelliim  houM  act 
only  in  response  to  their  incitationa — which  also  seem&  to 
he  the  case*  The  view  here  put  forward  seems,  therefore, 
to  be  in  harmony  with  a  great  body  of  known  facts,  and 
to  be  also  capable  of  including  under  it  a  number  of 
opinions  in  regard  to  the  functions  of  this  organ  which 
have  from  time  to  time  been  enunciatedi  and  which  have, 
perhaps,  been  faulty  only  by  reason  of  their  more  or 
narrow  and  exclusive  nature. 


CHAPTER  XXV. 


PHnENOLoa£ :  oi^d  akd  kew. 

The  Btages  bj  which  we  bavG  arrived  at  what  knowledge 
w©  possess  as  to  the  Struciuro  and  Fiin{3tioii8  of  the  Brain 
have  been  very  grailual.  Only  witLiin  the  last  century, 
iudeed,  has  the  great  bulk  of  our  present  knowledge  in 
regard  to  it  gradually  taken  shape  from  amidst  the  clouds 
of  error  with  which  tho  opinions  of  the  aiicieuta  and  tlio 
mere  specalationa  of  many  of  tbo  anatomists  of  later  cen- 
turies bad  enshrouded  it, 

A  few  particulars  in  regard  to  tbeae  earlier  notions  may 
here  be  p^ven,  which  have  been  culled  and  condensed, 
for  the  most  part,  from  the  writings  of  Procbaska-* 

Accordtng-  to  Anetotle,  the  hetirt  waa  the  seat  of  the  '  rational 
Boui/  and  tlie  oerves  (of  whi>se  rtilation  to  sengution  and  motloa 
he  waa  not  ignorant)  arose  therefrum.  Th«  Brain  was  dcBcnl>ed  by 
litm  as  aa  incri  viucua,  cold  and  bloadk'ag,  ai^d  scarcely  to  be  cnu< 
meraled  amongst  the  other  orgaaa  of  the  body — seeing  that  it  was 
of  no  use  Gscept  to  cool  the  heart, 

EramslratuKi  tlie  granJsoa  of  Aristotle^  rcaounced  the  views 
which  he  bad  been  taught  by  the  gre&t  maater.  He  and  Hero- 
pbiJua  (about  300  b.C-)  were  probiibly  tho  firat  to  disaect  the 
HuQian  Brain.  He  originally  eaid  that  the  geiisory  nervea  arose 
fmm  the  meninges,  or  mem  bran  ta  of  the  brain,  and  the  motor  from 
the  cerehnitTJ,  though  iiniich  luterln  liTe  btj  mpdifitfd  thia  doctrine 
and  Jeelari'd  that  both  clasaea  of  uorTca  arose  from  the  aiGdullary 


•  "  Dissiirtation  on  the  Fiiuctirtns  of  the  Kervoufl  System." 
(Sydeiibum  Societj^H  Translation.  I&TjI.) 
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niatterof  the  brain;  also  that  tlio  'animal  spirits'  proceodeJ  froTn 
tlic  brain,  imd  the  'vital  Bjnrita*  from  the  beurt.  He  recognixcd 
that  tbe  Convolutions  were  most  developed  in  the  Bmiii  of  Man, 
and  attttclied  imjiortunco  to  them  m  relation  to  his  superior  In- 
iclligence. 

(julca  (about  a. p.  150)  get  himst^lf  to  refute  the  doctrine  of 
Arititollf^.  He  showed  that  tho  brairi  of  animals  was  hot  inatpad  n( 
cold»  and  that  it  w£te  well  aapplied  with  blocd.  He  further  umw 
taitifid  that  ita  eUborate  strueture  was  ajratnet  Arifjtulle's  notion  o 
it^  bfing  a  mere  rcfrigeratoff  since  fvr  tliin  piirpofie  a  '*  rude  atid 
formleas  sponge,"  would  have  suj^ced,  He  pointed  oat  thut  thti 
brain  was  of  the  Banne  aabstance  as  the  nerves,  but  Kofler«  "  as  it 
necessarily  should  be,  inHsmuch  as  it  receives  all  the  »en»atioa9. 
perceives  alt  the  imaginations,  and  then  baa  to  cooiprebend  a!l  tho 
obj^ctn  of  tiie  understatiding,  for  what  is  soft  ia  more  easily  changed 
than  what  is  bord/'  Since  douLit'  nerves  are  neceaaury,  tbe  soft 
for  Bcnsatioii^  the  bard  for  motion*  ao  also  is  tbu  brain  donble.  the 
anterior  being  the  softer,  the  posterior  l»eing  the  harder  Tbe 
snporior  or  'lu-teral  VHentTii:li*a/  wt^re.  aec<jrdin^  to  G  {den,  endowed 
with  tbe  bighestfunctions.  They  received  air  throuj^hthe  no8trilfi(bjr 
way  of  the  etbmotdal  bone  and  the  '  corpora  mammilura  mixing 
this  with  the  *  vital  spirits '  brought  from  the  heart  into  the  ven- 
tricles by  means  of  thb  arteries,  and  therefrom  tdaboruting  iho 
•jiniinal  spirits*  which  were  thenco  tratisniitUd  from  the  liraio  to 
the  ncrvca  tor  the  piirpiised  of  motion  and  aensatlon.  The  lati^mM 
ventricles  were  alwo  laid  to  receive  by  the  same  entrance  'aenHiUtt 
objects.*  and  odoriferona  ptirtScles.  Galen  likewise  taught  that  th* 
brain  Jiad  a  double  movement,  a  diastolic  for  the  rtceplian  of  air  and 
'vital  spirits',  and  a  ay  stolit:,V>y  niean  a  of  which  the  ventricles  distri- 
bute the  *  animal  spirits'  to  tbe  nerves*  Later  he  held  that  tlw 
animal  spirits  were  not  contained  in  the  ventricles  only,  bnt  were 
diSuscd  throughout  the  whole  substanco  of  the  ccrebmm  btid  tbe 
cerebellum.  **The  aae  of  the  fornix,  to  which  also  the  corpns  cat* 
losnm  belongs,  ia  the  same,**  he  says,  "  as  of  the  nrchL-s  of  bnildingv; 
namely,  to  support  commodionsly  and  safely  the  whpleof  the  super- 
jacent part  of  the  brain,'*  The  corpora  quadrigemina  perform  the 
functirins  of  a  janitor,  since  they  serve  to  open  or  sKut  the  passage 
by  which  the  'animal  spirits*  arc  transmittfjd  from  the  anterior  to 
the  posterior  ventrit:It!  through  the  Sylvian  arjnedtict. 

SiiToe  centuries  afterwards,  according  to  Prochaska ;  '*  Tlie  Arahi 
distributed  the  animal  functiona  amoDgst  tbe  ventridea  of  tbe 
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braio,  ao  tbat  one  of  the  anterior  veniricW  Ihry  mjide  ibe  sent  of 
common  senstttion^  the  other  of  the  imngm alive  faculty,  the  third 
veDtrick  was  the  ^at  of  the  underatjiiidiiig,  and  the  ibnrih  of 
tneinory."  Thia  doctrine  was  also  maiotnined  by  Duns  Sootns* 
Thomas  AquiniLs,  nod  other  theoUigtans.  And  as  late  as  the  lintt  half 
of  th«  auvertteouth  century,  DijacarLes  mninitaiDed  that  iUo  anirnft) 
Bpirits  were  secreted  from  the  brain  through  i>ore^i  npctiin^  into  tho 
ventricles,  and  th:it  there  accuniplaLinff,  the  elighteat  diaturbunce 
of  them  oicitea  the  mn\  neateil  in  the  pineal  gland;  and  contra  ril/i 
that  the  tuiinml  spirits  in  the  ventricles  are  moved  by  the  will 
acting  through  the  pineal  ij^land^  aud  distributed  thenca  through 
the  nerves  to  all  purta  of  the  body  */* 

But  about  the  end  of  the  &iste«nih  aud  the  begtnmiig  of  the 
■evcntvenLh  Gentury^  Casper  Uauhin,  Varolius*  Spigelius  and  other 
nnatomii^s,  had  been  striving  to  ttbow,  in  oppoaitir^n  to  Guh'u,  that 
ttie  ventricles  of  the  brain  are  not  the  factoriee  and  etorehonaea 
of  the  'aniinal  spiritfl,'  and  that  they  are  more  properly  to  ba 
rei^urded  as  aceidijutal  8tr«ctur*ja  which  have  uo  other  Xise  than  tn 
recfire  the  excreta  and  residuuta  formed  during  the  niUrition  oi 
the  brain,  and  in  the  production  of  the  animai  Bpirit^tj  and  to  pass 

I them  away  tbrotigh  the  infundibnlum  to  the  fauces." 
h  Aft^r  it  had  been  fully  agreed  that  the  'animal  s^pirita'  are  not 
generated  in  the  Tcntriclea  of  the  brainj  nor  proi.lueed  in  tho 
suhstanee  of  the  breiin  to  be  collected  tn  the  ventricleA,  it  was  Btill 
generally  believed  that  the^e  cavities  were  receptacles  for  eiVeto 
rnatter»,  which  discharged  themselves  principally  into  the  nostrils 
throitsfh  the  ethmoid  \x>m  and  through  eertam  imaginary  ducts 
indicated  by  Gatt^n,  aud  much  later  by  Vesaline,  paRsiug  frftra  the 
pituitary  gland  and  through  the  sphenoid  bone  to  the  fauces, 
Tbia  view  had.  therefore,  iu  ita  tunii  to  be  overthrown*  and  C.  V. 
Schneider  I.16&r»)  did  mnch  in  this  dirt'Ction,  Lower,  WiUia,  and 
other**  alao  became  convinwd  that  nothing  could  pstss  from  the 
ventricles  to  the  nostrila  iu  the  vfay  specified  ;  they  thotight,  never- 
theleas,  "  that  the  aerumof  (he  ventricles  passed  tliivingh  the  infun- 
dibuinm  to  the  pituitury  gland,  and  thence  through  ijecnliar  ducts 
to  the  jugular  veina,  where  it  was  miied  with  the  blood,"  Haller 

I  •  Even  towarJa  the  end  of  the  last  century,  a  celebrated  unato- 
pitftp  Stjnimmng.  announced  hi^  belief  that  the  fluid  of  the  ven- 
tricloa  of  the  brain  was  the  retvl  smieoHum  Aoinniime  and  proper 
orgfui  q(  Mind.  ' 
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n^jniiCted  that  the  inrundibnlum  was  bellow,  but  denied  Lbe  eilst- 
eac^  of  the  lost  meDtioned  ducU*  aud  iix&ititajne<d  that  tbe  ven'rick'ii 
repaired  no  Bpeciskl  outlet  for  the  evacuulton  of  »erum. 

la  regard  to  the  tuode  of  gen eru lion  of  the  'animal  eplritff  '  it 
was  contended  bj  M&lpighi,  Willia  <lt>64-)  and  others,  that  thejare 
seoret^  in  the  cortical  tjuWtance  of  the  bruin,  and  thence  rsceived 
into  the  white  or  medullary  suUstance,  whence  they  are  distributed 
through  the  nerves  to  the  whole  body,  "  The  faculties  of  the  mind, 
eoch  OS  perception,  itdiijjination,  uaJeratanding,  and  memory^  wef< 
hanibhed  from  th^  venti  iuEes  to^i-ther  with  the  animal  Bpirita,  anii 
were  located  by  gome  in  the  solid  max&  of  the  hmm ;  hy  others 
were  aflirrocd  to  be  properties  of  the  immntcrial  and  rationd  sont 
alone,  and  ia  no  wiEie  dependent  oa  the  body."  Malpighi  oon* 
sidered  the  cortical  sub^tanee  of  tbti  brain  to  be  a  true  glunda'  ~ 
atriicture. 

Willia  liad  been  stylc-d  the  "  father  of  phrenology,"  on  acj^oDitt 
the  extent  to  ivbich  heaHaijjfned  to  each  particalar  part  of  the  bnuo. 
a  aperiul  ittflueeice  on  the  mind.  He  hetd,  "  that  the  e^rebnia 
Bubserves  the  animal  fanctious  and  the  votantary  moUoDS,  the 
cerebellum  the  involuntary;  that  a  perception  of  all  the  sensattocA 
Ijtki^a  place  in  the  aaeerjdlng  fibres  of  the  corpora  striata,  and  that 
ihruugh  the  d(?acending,  Tolautarj  moTCmentB  are  excited;  that 
the  underijtandttig  iu  rented  in  the  corpus  chUosqiu,  and  memory 
in  the  convolutions*  which  are  it4  storehouses;  that  the  antni«l 
i*ptrit3  are  generated  in  the  corteat  of  the  cerebrum  and  cerebeiiam 
from  the  arterial  blood;  that  they  collect  in  the  medulla,  are 
yiirioq^ly  distributed  and  anrao^d  to  excite  theauimaJ  actioQSi  and 
distil  through  the  fornix  as  if  through  a  pelican;  that  the  luiinud 
spirits  secreted  in  the  cerebellum  are  crer  Sowing*  equally  andooa* 
tinuoiisly,  into  the  nerves  which  regulate  involuntary  uioveinente; 
but  those  of  the  cerebrum,  timmltuouBly  anil  irregularly,  acfiordibg 
as  the  animal  aotiona  are  vehemently  performed  or  qute&cent.  To<{ 
eitcite  senuatiotui  the  spirita  £ow  along  thu  nerves  to  the  brain  ,  ,  . 
Ah  to  the  loope  of  nerves  with  which  the  arteries  here  and  there 
are  encircled,  he  states  their  use  to  be  to  relax  orclo^e  the  arteriev, 
and  thus  during  varioaa  emotions  of  the  luind  to  admit  tb9  blood 
in  greater  or  leas  quantity  to  certain  parts.  He  decided  that  tbe 
|iitical  body  is  not  the  seat  of  the  eoul,  but  a  lymphatic  gland/' 

The  «iicce«aors  of  Willis  adopted  some  of  hie  doctrinee  but  refuted 
others.  Much  bootlesB  discuseion  was  carried  on  hy  BoerhaveanJ 
Others  as  to  the  essential  nature  of  the  auitual  spirits,  and  in  the 
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earl^  part  of  the  cighteeotb  uentar^  the  fallowing  viewA  were  altfQ 
frjcpressed  to  the  nsea  of  certain  portions  of  Ihe  brfiin,  Yi?o3Bena 
Iilaced  tbe  seat  of  imagiimtion  in  the  centrum  ovala;  LaocisI  and 
I'cyronie  mainUuned  tbtit  all  sensation  is  felt  and.  oiotion  excit^J 
iii  the  corpus  calloaum.  Meyor  pktced  the  seat  of  niemoTy  in  the 
ci>rtical  mutter,  sen^ntion  at  the  oriy:iQ  of  ih^i  nervuti»  and  ubatniot 
ideas  in  the  cerebellum ;  many,  howiiver,  acknowledged  thut  it  waa 
not  poaai'jle  to  JBterraiiiB  the  seat  of  the  mental  facultiea  with  any 
accuracy,  although  ih>?re  i^uld  he  no  donbt  that  nature  had  nut 
formed  so  rouny  and  ho  various  diviaiona  of  the  cerebrum  and 
cerebellum  without  an  ohject. 

Now  came  another  crieia  iti  the  hiatory  of  opiniona  conceriiing 
the  brain  and  ita  functiona.  In  preceding  times  the  notion  of  the 
existence  of  'animal  spirits'  wns  received  in  an  iinqueEstiooing 
manner;  there  had  bet-n  much  discussion  as  to  their  mode  of 
origin,  aa  to  their  principal  aeut^  and  as  to  thtir  essential  nntnre; 
bat  these  problems  were  at  last  set  aside  fi>r  one  vshich  oni^^ht  to 
have  preceded  them,  Whtst  evidence  waa  fortlicomini^  aa  to  their 
very  existence  P  The  uupptjsiUyn  that  what  hud  been  termed 
*&ninial  Kpirita*  esieted  at  all  nosv  seemed  to  many  a  gratuitous 
a.R3amptioap  AfLer  much  discussion  amongst  the  Htahliana  and 
their  opponcnta,  we  find  Boerhuve,  Haller  U766)  and  Tiasot  actmy 
aa  the  la^t  champions  of  the  doctrine  and  striving  to  establiah  it 
aa  a  truth,  Notwithstanding,"  aaya  Prochaaka,  *'the  authority 
of  these  great  numea,  the  love  of  truth  excited  distinguished 
men,  who  advanced  doubts  as  to  this  hypothesia  of  the  animal 
flpiritg,  and  who  showed  that  the  arguments  addueed  in  ita 
fjvour  provi^'d  nothing  when  carnrnlly  analysed,  and  that  the 
whtjle  hjjjotheaia  waa  altogether  devoid  of  truth."  Writing,  there- 
fore, in  I7yi,  Procbaaka  »ays  :  "  AVe  will  tertn  the  cauBO  Intent  in 
the  pulp  of  the  nerves,  jirodueing  ita  effect  and  not,  as  yet  ancer- 
taincd,  the  vis  nervosti;  we  will  arrange  its  observt'd  eH'ect*i,  which 
are  the  fnnctiona  of  the  nervous  aystenip  and  discover  ita  laws/' 

The  same  writer  considered  it'*by  nomeanaimprobable  that  each 
division  of  the  intellect  baa  ita  allotted  orgim  in  the  brain,*'  though 
Ufl  he  him&elf  frantly  admitted,  nothing  debtiite  could  at  that  time 
be  said  on  the  subject.  '*  Hitherto,  it  has  not  been  pt>aaibie»*' he 
adds,  '*  todeteruiioo  what  ]Kirliona  of  the  cerebrum  or  the  cerebellum 
are  specially  sahservient  to  this  or  that  faculty  of  the  mind.  The 
coojectnrca  by  which  eminent  men  have  attempted  to  determine 
these  are  extremi^ly  improbable]  and  that  departmeat  of  phyaiology 
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IB  as  oljEjCur^  now  ns  evf^r  it  was.**  It  must  not  he  forgotten,  bow* 
ever,  tbat  it  whb  Procbaska  himself  who  first  fully  dt^scribed  th 
nature  of 'reflesc  Tnovenienta/  **The  nfnsftriwm  commitne." 
snys  (loo,  cit.  p.  **  reflects  the  Hcnfiorial  impreaaiona  into  nio' 
by  dt'finite  Jawa  pc>culiar  to  itselT,  and  indep^ndf^ntly  of  consciouf* 
nei^B.*'  rrocliB&ka,  moreover,  veci>gnize<l  that  Ibe  same  kind  of 
process  mig^ht  take  '\\hice  in  th&  flysteniic  g;ungba,  since  he  sa^s 
(p.  438);  **lt  seemB  probable,  Iherufore,  that  besides  the  gfmtorium 
ctmmune,  which  we  conjecture  to  bo  in  the  medulla  oblvn^j 
medulla  ^pinaliay  poiia  Varoh'if  and  crura  oT  the  cetthrum  a 
eereheUumt  there  are  special  s^nKnria  ui  the  ganglia  and  plexn 
of  the  iierrefi,  in  wbich  external  impresitiotis  lucending  niong  tb 
ner\'e8are  reflected,  that  need  nrjt  aact^nd  all  the  way  to  th©  mrm* 
rifim  cmnmuue,  to  be  reflected  tbence  '* 

The  space  available  in  this  work  does  not  permit  of  sn 
attempt  to  traue,  even  in  bare  outline^  tlio  successive  steps 
by  which  during  the  Uat  hundred  years  have  been 
Blowly  tending  to  acquire  a  more  exact  (thongh  still  ivholly 
inadequate)  knowledge  of  the  Fanctions  of  different  parta 
of  the  Brain.  SometLinf;  of  this  sort  may,  however,  h% 
gathered  from  the  work  of  Yulpian*  on  the  ^'PhysioJogy 
the  Nervous  System,"  and  from  other  sources.  Whath 
here  been  already  said  will  indicate  how  much  repair 
to  be  done ;  and  what  is  about  to  bo  said  will  give  some 
faint  notion  as  to  the  present  paucity  of  real  knowlodge* 
and  aa  to  the  need  in  which  we  Btand  of  much  further 
light  in  naany  directions. 

Having  considered  the  relations  of  the  Cerebral  Hemi- 
spheres  with  one  another,  with  the  Cerebellum,  and  witli 
the  halvea  of  the  hodjj  the  reader's  attention  must  now 
be  limited  to  the  Hemispheres  themselves,  in  order  that  he 
may  leam,  in  this  and  in  the  next  chapter,  sornething  of 
what  has  been  made  out  concerning  the  parts  of  thesie  all- 
important  organs  which  appear  to  he  more  especially  cod* 

*    Locons  Bur  la  phymolagte  da  eyfiteme  nerveai,'*  1806. 
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ceroed  with  Pcrct^ptiona,  Volitions,  and  other  Moutnl 
Processes, 

Again,  we  shaU  have  to  rely  upon  the  same  three  classes 
of  facta  tts  constituted  the  basis  for  our  conciustona  in  the 
previous  chapter,  though  they  will  not  be  appealed  to  in 
quite  the  fiame  relative  proportions,* 

The  notion  that  the  Brain  is  the  principal  organ  of  Mind, 
and  that  there  ia  a.  localization  of  function  in  its  several 
parte,  was,  as  we  have  seeuj  a  fundamental  position  fully 
realized  by  Proclmska  and  others,  long  before  Gall  and 
SpnrJiheim  {1805-1826)  began  zealously  to  study  the  ana- 
tomy of  the  organ  and  to  promulgate  in  conuection  there- 
with a  *  Physiognomical  System  *  which  soon  attracted 
great  attention  under  the  name  of  '  Phrenology,'  Its 
authors  were  enthusiasts  who  attempted  to  systematize  an 
extremely  complex  subject  prematurely,  when  knowledgo 
in  regard  to  it  was  altogether  in  its  infancy — and  that, 
too,  without  professing  to  hare  much  special  knowledge  or 
ability  for  the  carrying  out  of  at  least  one  half  of  the  work 
involved  in  such  an  enterprise. 

Gall  and  Spurzheim  were  well  abreast  of,  and  even 
loaders  of  the  knowledge  of  their  day  in  regard  to  the 
anatomy  of  the  Bruiu,  yet  at  the  time  they  elaborated  their 
doctrines  nothing  was  known  to  them,  any  more  than  to 
their  predeceBsorSj  as  to  the  real  physiological  distinction 
existing  between  the  'grey  *  and  the  *  white'  substance  of  the 
Cerebrum.  They,  like  those  who  had  gone  before  them, 
regarded  the  white  matter  of  the  hemispheres  as  the  essen- 
tial nervous  substance,  while  the  Grey  Matter  was  con- 
sidered to  be  **  the  matrix  of  the  nei-vous  fibres" — a  forma- 
tive material,  in  fact,  which,,  wherever  it  was  found,  served 
only  as  a  nucleus  for  the  adequate  productiou  of  nerve 
fibres. t    The  Grey  Matter  of  the  Convolutions,  there- 

*  *See  [i  i77.    f  S^e  iSjiurzheim**?  '*  Anatomy  of  the  Brain,"  p.  7, 
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fore, — the  inattcr  wliicli  wo  now  believe  to  he  so  large 
Qoncerncd  with  the  most  Jclicitto  and  subtle  of  Brain* 
fanctiouB— was  by  tbe  foiinJcrs  of  Pbreuology  coasideied 
to  have  no  proper  nerve  functions  iii  all. 

No  attempt,  indeed^  was  made  to  take  any  account  of 
more  tbiin  about  one  balf  of  it.  Their  analysis  of  the 
Human  Mind  was  auppoaod  ta  have  been  complete. 
The  yarious  Facultiea,  Emotimm,  and  Propensities  were 
assigned  to  their  respective  eoats^  corresponding  estcrnalljr 
with  the  upper  and  outer  parts  of  the  ekulU  But  the  Con- 
volutions of  the  base  of  the  itrain,  those  reeting  on  the 
'tentorium  Cerobolii/  and  those  of  the  contin;uou8  inner 
faces  of  the  HemisphcreSj  were  creditt^d  with  no  share  of 
mental  functions.  The  use  of  this  convolutional  Grey 
Matter  being  altogether  diiferently  estimated  by  Uie 
Phrenologistfl  from  what  it  is  at  present,  their  *  Sys! 
was  devised  and  their  organology  defined  with  no  speci 
reference  thereto.  Incredible  as  this  may  seem  to  meuiy 
perBons  at  the  present  day,  it  is  strictly  true,  The 
haphazard  constitution  and  boundaries  of  their  &o-calM 
*  organB '  may  indeed  be  learned  from  the  words  ol 
Spurzheim  himself.  "  The  organs/'  he  says,*  "are  not 
confined  to  the  surface  of  the  brain:  they  ex.teud  from 
the  auriacR  to  the  great  swelling  of  the  occipital  holt* 
(medulla  oblongata)  and  probably  include  even  tho  com- 
miasnrea ;  for  tho  whole  mass  of  the  brain  conElJuitcs  i 
organs/* 

It  need  scarcely  be  aaid,  at  the  present  day,  that  no 
such  divisions  of  the  Brain  as  are  here  indicated,  either 
internally  or  externally,  have  any  real  existence ;  and  if  tbe 
convoluted  surface  of  the  organ  itself  presents  no  such 
divisions  as  are  to  be  seen  on  a  phrenologiciil  cast,  by 
which  the  several  supposed  'organs*  could  be  marked  ofl 
♦  "  Tbe  Physic^oniical  System,"  1815,  pi  339, 


CMiP.  XXV.J         PlIllENOLOCr  ;  OLD  AND  h'EW.  G19 

from  one  auolher,  it  needs  little  anatomical  knowledge  to 
imagine  how  much  more  impossible  it  muat  be  to  divine 
f^nch  bouudarios  tlirou^^b  tbe  skult  and  its  integnmonls. 
If  we  take  the  or^nmof  *  pblloprogenitiveneas,'  for  tnsbancOi 
wboEe  assigned  Bltnution  at  the  hack  of  the  head  may  be 
seen  in  anj  pbrenologiciil  bust,  we  find  that  it  corresponds 
with  a  bony  prominence,  which  variea  greatly  in  thickness 
in  different  iudividualB,  whilst  internally  it  corresponds  to 
the  paint  of  union  of  four  great  venous  sinnsee^  and  witliiu 
these  as  much  to  the  tips  of  the  Occipital  Lobes  as  to  & 
part  of  the  upper  and  posterior  border  of  the  Cerebellnm.* 

The  division  of  the  human  Mind  into  distinct 'fucul- 
ties/  after  the  fashion  of  the  pbrenologista,  ia,  however, 
an  error  in  itself,  quite  apart  from  the  unsatisfactory 
nature  of  their  particular  analysis.  '*  Every  form  of  in- 
telligence Loing,'^  as  Herbert  Spencer  Hajs,f  "in  essence 
an  adjustment  of  inner  to  outer  relations,  it  results  that, 
as  in  the  advance  of  thia  adjuatment  the  outer  relations 
increase  in  numljcr,  in  compEeiity^  in  heterogeneity,  by 
ilegreea  that  cannot  be  marked,  there  can  be  no  valid 
denmrcations  between  the  successive  phases  of  intelli- 
gence .  ,  .  ,  ,  fundamentally  considered,  intelligence 
has  neither  distinct  grades  nor  is  constituted  of  faculties 
that  are  truly  independent  ,  .  ,  ,  its  highest  phe- 
nomena are  the  effecta  of  a  complication  that  has  arisen 
by  insensible  steps  out  of  the  simplest  elements.'* 

This  philosophical  view  of  Herbert  Spencer  is  one 
which  is  quite  harmonious  with  what  we  know  of  the 
progressive  development  of  the  Brain  in  the  animal  series. 

But  the  crudity  of  the  psychological  analysis  of  tho 
Phrenologists  is  well  capped  by  the  simphcity  of  the  mode 
in  which  they  proceeded  to  assign  the  sites  of  the  seve- 
ral '  organs.'  Spurzheim  aays  : — **  Two  persons  at  Vieuna 
•  Sec  ii^ia.  1 17,  I  ta.        Pruiciplcs  of  Paycliology;*  bt  EJ.  a  MSG. 
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were  known  to  be  remarkable  for  their  extreitie  irresoln* 
tion  ;  and  therefore  one  dny  in  a  public  place  Gull  bIwkI 
betiind  thera  and  observed  their  heads.  He  found  them 
e^ttremcly  large  on  the  upper  and  posterior  part  of  both 
aides  of  the  head  ;  and  this  observation  gave  the  first  idea 
of  this  organ.*'  Such  ^vas  the  kind  of  haphazard  tentative 
method  by  which,  after  multitadinoue  obaervationB  con- 
ducted, it  is  true,  ttpon  persons  of  all  kinds,  ages,  and 
Ettattons  in  society,  the  details  of  their  '  System  *  wera 
Qnatly  established. 

The  '  system  of  Phrenology  *  of  Gall  and  Spnrzheim  wAs^ 
therefore,  fullocious  in  almost  every  respect.  It  was  alto- 
gether defective  in  its  psychological  analysis,  eminentlf 
unsatisfactory  in  its  localizations^  and  was,  in  short,  as  un- 
reliable tti  its  methods  as  it  was  inconclusive  in  its  results* 
It  would  have  been  almost  needless,  indeed,  to  have  dwelt 
so  long  upon  this  subject  but  for  the  fact  that  amongst 
the  general  public  there  are  probably  very  many  who,  if 
not  actual  believers  in  the  'Phrenology'  of  Gall  and 
Spur^hcim^  may  be  glad  to  know  upon  what  precise 
grounds  the  Byetem  should  be  rejected. 

Are  wcj  however,  to  run  into  the  opposite  eidreme,  and 
subscribe  to  such  doctrines  as  those  put  forth  by  Flonrena 
(1840)  ?  This  eminent  physiologist,  who  may  be  said  almost 
to  have  been  the  initiator  of  experimental  research  as 
directed  to  the  determination  of  the  Functiana  of  the  Brain, 
felt  entitled  to  draw  from  his  own  well-known  investi- 
gations the  following  concluaiona,  altogether  opposed  to 
any  localization  of  funclions  in  dctail^ — that  is,  of  special 
functions  in  special  regions  of  Uio  Cerebral  Hemispheres. 
His  conclusions  are  these  ("  Rech,  Experiment.,"*  p.  9fl): — 

"  Ainsi  l°i  on  pent  rctraJicher,  soit  par  OcTant,  aoit  par  dernVre, 
»dt  par  ea  hant  aoit  par  c6t6,  tine  portion  a^ses  l^tendne  dea  lobe* 
C^r^braox,  Knm  que  leura  fonctbaa  aoient  pcrdaea.    Utui  vofH^ 
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asgez  rejitra.itite  dc  ces  lohea  au§H  don<^  d  Vt-xt'tda'.  de  U  tirs  foiic- 

•*2°.  A  mesnre  qus  ce  rclraiH-ti«ment  sVipi-re,  toutea  Ica  fonctiona 
«*fifliiit.»ligaent  et  a^^tdgnent  gTuduefleriu^nL;  tit  pussC^  ce^rtiiiiiGS 
lirnit^Si  ellea  sont  toat'&'fuit  ^t^iintea.  Tj^'g  lobes  t^i't-hmux  con' 
r.ottrent  dt>nc  par  iout  Icur  cHstmhle  d  l\ui';n:icG  plLtn  ei  cntlfr  da 
It- ttrg  /imrli'jiiS' 

"3°.  Eatin^di's  qa^une  perception  eet  perdue  totites  le  sont;  d(^'B 
qn'une  fdculte  dispaniit^  toiitca  dispariitsaenL  II  tCy  a  done  point 
dc  ei^jei  divcti  ni  pour  Ifs  diverse^  fafAtlUB*  wi  pour  lea  divfreea 
percepfiont.  La  facultd  de  percevoir,  de  juger»  de  vouloir  une  chose 
resj'le  dans  le  ih^id'j  Hen  que  celle  d'en  percevoir,  d'en  iuger*  d*ea 
Totilukir  ane  autre;  «t  consf^qu«iatneDt  cetto  fucQlte^  esse ntiuUc men t 
Qne,  rdsiJu  easeiittolk'iiient  flam  une  aeule  organo." 

Btit,  uotwilhyUuiliog  the  fact  that  these  early  and 
difficult  experimental  inveRtigatioiis  aeomed,  as  FlonrenB 
tLought,  to  entitle  bim  to  dru:v  novae  such  coLiclu.sion8,  hin 
Tiews  could  not  claim  ft  ready  atiBeiifc.  If  wo  are  to  roj^'ard 
ilio  Brain  as  the  principal  organ  of  Mind,  and  to  look  upon 
eni'h  mental  operation  as  one  of  tlie  manifeBtations  of  its 
fanctiouiil  activityj  all  analogy  and  even  prolability  would 
poiut  to  the  conclaston  that  a  dcEnite  order  must  be 
obsen'cd,  and  that  identical  mental  operations  will  always 
be  aSHOtiiuted  with  the  functional  activity  of  identical  tracts 
of  nerve  libreB  and  cells  in  ike  Brain  and  its  dependenciesit* 
Wo  know  Ibat  the  Olfactor^'j  the  Optic,  and  the  Auditory 
Nerves,  each  go  to  diJlerent  parts  of  the  Brain,  t>o  that  the 
primary  proccKHea  in  relation  with  the  exerciae  of  tho  cor- 
responding Senses  are  distinct  from  one  another.  Can  we 
believe  that  in  their  later  or  higlier  phaseB  tbo  traiits  fir 
encli  impressions  lose  their  distinctness?  Again, Itonch  the 
table  at  which  I  am  now  writiug,  with  my  forelinger:  the 
impression  thus  produced  travels  by  meana  of  nerve  Eibrer 
along  a  perfectly  detinite  route  from  the  paH  touched  to 
my  Spinal  Cord.  Can  I  doubt  that  the  route  by  wbieb  it 
xoacbeB  the  Br&in     juBt  as  deliuite  (though  not  so  well 
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known),  and  that  a  siiulUr  impression  would  always  fol- 
low the  same  route,  so  long  as  the  conducting  cbimacls 
remained  uninjured?  In  some  such  sense  as  this  '  locali- 
sation' would  seem  to  be  a  simple  priori  necessity*  But 
if  it  holds  good  for  Seusoriul  Operations  it  will  l>e  eqaallj 
likely  to  obtain  for  InteUectual  Operations  and  Emotions* 
Order  and  regularity  could  scarcely  be  absent  in  the 
Cflrrying  on  of  the  functions  of  those  parts  of  the  Brain 
alone,  where,  from  the  subtle  nature  and  mnltiplicity  of 
the  molecular  actions  involved  in  myriads  of  cells  an 
fibres,  thf'RC  particular  cbaractenstica  of  lower  Brain-actio 
would     m  to  be  so  preemiuenlly  needful. 

The  fundamental  question  of  the  existence,  or  not, 
real  *  localizations '  of  function  (iifter  Bome  fashion)  in  the 
Brain  must  bo  kept  altogether  apnrt  from  another  secondaty 
qiieation,  which,  though  nsniilly  not  so  much  attended  to, 
is  no  less  real  and  worthy  of  our  separate  attention.  It 
is  this :  Whether,  in  the  event  of  '  localization '  being 
a  reality,  the  sevtrxl  Mental  Operations  or  Faculties  are 
dependent  (a)  upon  separate  areas  of  Brain-substance,  or 
(/>)  whether  the  'localization*  is  one  characterized  by  mere 
distinctness  of  cells  and  fibres  which,  however,  eo  far  us 
position  is  concerned,  may  l>c  interblended  with  others 
having  diSereut  functions.  Have  we,  in  fact,  to  do  with 
topogra  phi  call  1/  separate  areas  of  Bratn-tissue  or  merely 
with  distinct  cell  and  fibre  iiicchanism^  exigtirtif  in  a  m 
ar  less  diffuse  and  mutitnll^  interblended  manner  f 

The  latter  kind  of  arranfjemcnt  seems,  on  the  wholiT, 
bo  an  even  more  probable  one  ihm  the  former,  and 
commend  itself  most  to  many  persons.    The  exiaten 
of  some  such  arranj^ement  would  help  to  throw  ligh' 
upon  some  of  the  resalts  obtained  by  Flonrens,  and, 
indeed^  upon  doctrines  advocated  by  Brown-Seqnard  at 
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tlje  present  day*  It  iDakes  it  possible  to  recognize  a  cer- 
tain amount  of  truth  in  ibeuij  witlioat  lliereby  iavolving 
us  in  a  deGittl  of  the  all-important  principle  of  '  locali- 
aation/  as  applied  to  cells  and  fibres. 

Brown-Seqtiard  baa  indeed  of  lato  *  expressed  himself 
iuost  positively  in  favour  of  the  dilTuse  and  ioterbleudod 
arrangement.  He  thinks  he  can  prove,  beyond  question, 
that — "  motor  or  other  centres,  as  commonly  conceived, 
that  ia  to  say,  as  a^fjlomeratioiis  of  cells,  having  one 
and  the  Bame  function,  and  which  form  a  more  or  less 
definitely  limited  mass,  do  not  exist/'  The  existence  of 
the  other  mode  of  arrangement  would  equally  with  the 
latter  make  it  uGeeRaary  to  admit  that  cella  having  the 
Bame  kind  of  functional  activity  should  be  in  coLQUuini- 
patton  with  one  another  by  means  of  proccsscfl.  And,  as 
he  contends,  the  functioual  activity  of  similar  cells  might, 
in  either  case,  bo  conjoiutly  and  equally  well  caiTied  on 
through  the  intervention  of  iotcrcellnkr  processes.  It 
would,  in  fact,  make  comparatively  little  difference 
whether  such  simiJar  cells  were  closely  packed  together  or 
whether  they  were  scattered  over  comparatively  wide  areas 
of  the  Cerebral  Cortex.  So  far,  at  least,  the  writer  finds 
himBelf  thoroughly  in  accord  with  Brown-Sequard. 

Thus,  whilst  a  topographically'  separate  localization  of 
independent  '  faculties  '  seems  to  tho  writer  altogether  im- 
probable,! he  fully  believes  that  certain  portions  of  the 
Cerebral  Hemisphorea — the  Anterior  Lobes  for  instance — 
are  always  concerned  in  the  carrying  on  of  Intellectual 
and  Yolitioual  Operations  of  praclically  the  same  nature, 
though  of  di(ferent  degrees  of  complexity  in  different 
individuals.  Yet  it  cau  scarcoly  be  said  of  "  carrying 
on/'  but  rather  of  assisting  and  aiding  to  carry  on,  cer- 

•  "  Archiv.  de  PUysiob  norm,  et  path./*  2nd  Ser.  IV.  p.  412. 
f  See  "  Journal  of  Alctibil  Scieuce/'  January,  l@)l>9. 
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tain  Intellectual  and  Volitional  OpGratioos;  for  it 
improbable  that  even  such  a  large  division  of  a  Cerelsral 
Hemisphere  as  the  Anterior  Lobe  has  a  distinct  set  of 
fiiuctionB  peculiar  to  itself.  The  dinsion  into  *  Icibcs '  i 
in  the  main,  an  entirely  artifieial  one,  and  the  grey  nii&t 
of  the  antei-ior  region  is,  aa  we  have  seeDj  intimately; 
related  to  the  grey  matter  of  the  middle  and  posterior 
parts  of  the  Hemispheres;  so  that,  just  es  our  pBychical 
nature  consists  of  one  great  complicated  but  utibroken 
network  in  which  are  bound  together  Sensations,  Percep- 
tions, Judgments,  EmotionF^,  and  Volitions,  bo  is  thi 
physical  organ  corresponding  to  these  also  represented  h] 
the  most  complicated  and  intricate  network  of  ncrve-eeUa 
and  neiTe-fibres,  mutually  hound  together  and  bronghb^ 
into  functional  relation  with  one  another.  Whilst,  Uiei 
foroj  it  may  truly  be  said  that  the  Anterior  Lobes  aro 
always  concerned  in  the  carrying  on  of  lutellectnal  and 
Tolitioual  Operations  of  the  same  nature,  they  may  bo 
mainly  instnimcnta]  in  some  functions,  and  Ihcy  may  take 
part,  to  a  minor  degree,  in  the  execution  of  certain  otbor 
Mental  Openitions  depending  more  especially  upon  th« 
functional  activity  of  different  parts — the  Parietal,  the  Temi 
poral,  or  the  Occipital  Lobes,  singly  or  in  combiuatioiu 

Perception,  Intellect,  Emotion,  and  Volition  &re 
intimately  associated  with  one  another  in  our  ordiuarj 
mental  processes  that,  if  we  were  even  to  attempt  a  del 
nite  mapping  out  of  their  territories,  so  ae  to  allot  ft 
separate  province  in  the  Cerebral  Hemispheres  far  each  of 
these  great  divisions  of  MLtul.  we  should  probably  fall  iuto^ 
a  grievous  error.  In  precisely  those  parts  of  tbs  Cerebi 
Hemisphci-Gs  that  arc  most  conccmed  when  wc  look  npo] 
a  fine  painting  or  a  fine  i>iec&  of  statuary,  may  we  imaging 
the  emotionB  of  adminition  kindled,  to  which  the  gighl 
of  these  objects  of  art  has  given  rise — however  much  the 
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ftctivitj  of  other  centres  may  co-operale ;  and  just  as  the 
sight  of  ripo  fi'uit  upon  a  treo  may  mciU  a  '  Uesire  '  to 
possesB,  followed  by  a  VoUlioual  StiiniiluB  for  the  purpose 
of  obtaining  the  desired  ohjcct ;  so  in  ihh  case  tho  parts 
couf  erned  ia  the  manifestation  of  th^  '  desire/  and  those  in 
which  the  Volitional  Stimulus  originates,  arc  pi'obahly 
bituftt^d  wilbin  Bome  portions  of  that  same  area  of  con- 
TolutioDa]  grey  ma itor  which  was  concerned  in  the  Percep- 
tive Act  itself, 

^  On  the  other  hand,  aa  the  writer  lias  elsewhere  sitid,* 
pinasmiK-b  us  we  have  cei-lain  distinct  avenues  of  know- 
ledge (throTigh  the  Sense  Organs  and  their  proximate 
iiene  gauglitv),  and  the  Cerebral  Hemispheres  are  the  parts 
concerned  in  tlie  elalioration  of  unprcssiona  bo  derived,  wo 
can  well  uudcrstiind  that  the  inapreseions  entering  tUrongli 
one  gate  or  sense-avenue,  may  pass  through  the  snbstanco 
and  towards  the  periphery  of  these  Cerebral  HemiBpberea 
in  certain  definite  directions,  and  according  to  accustomed 
routes.  Then,  the  impressions  entering  thrtnigh  another 
gate  of  knowledge,  or  avenue  of  sense,  may,  and  probably 
do,  pursue  a  dilTt-rent  direction  througb  its  substance,  so 
tliat  at  the  periphery  the  tihrea  and  cells  concerned  in  tho 
conduction  and  elaboration  of  these  impressions  may 
exist  in  maximum  quantity  in  difterent  portions  of  tho 
surface  of  the  Hemispheres — though  in  part  they  may 
occupy  jointly  the  same  area,  and  be  intertwined  with  tho 
fibres  and  cells  concerned  in  the  elaboration  of  tbe  pre- 
viously mentioned  set  of  impressions.  And  so  on  with 
the  various  sense  organs  and  their  ultimate  expaDBions  in 
tbe  form  of  what  I  would  call  *  Perceptive  Centres '  in  the 
Cerebral  llemippheros.  Thus,  though  there  may  be  much 
and  compound  ovcrlappiug  of  areas,  and  though  the  area 
pertaining  to  tbe  impressions  of  any  particular  sense  in 
*  *'  Joarnal  of  Mtnital  Science,*'  January,  1869. 
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the  CereLral  Hemispheres  mny  be  a  very  extended  one  (not 
to  Bpeak  of  the  etill  ftnihor  coinplicjktion  brought  shoni 
the  commuDication  establiehed  between  llie  nerve  celis 
of  one  sense  area  with  tbose  of  others  in  the  same  Hemi- 
sphere, and  of  the  piobabJe  nnion  by  means  of  comnuR- 
sural  iibrea  between  aualogous  parts  of  the  two  Hetni- 
spheres),  EtiU  it  may  well  be  that  certain  portions  of  the 
snrfac^3  of  the  Cerebral  Hcmififiheres  might  correspond 
more  espec-ij^Uy  to  the  maximum  amount  of  nerve  cells 
Biid  fibres  pertaining  to  some  one  or  other  of  the  varioiiB 
senses,  .  .  .  Jaet  na  certain  of  the  senses  contribnte 
in  a  preponderating  degree  towards  the  bnilding  up  of  onr 
mental  imprei^sions  and  their  corresponding  YoUtional 
results  those  of  Sight,  HcariDg,  and  Touch),  so  wa 

may  imagine  that  these  sense  organs  would  be  connected 
internally  with  a  comparatively  vride  area  of  cortical  snh- 
Btance  in  each  Hemisphere.*  It  would  be  fair  to  infer  as  a 
probabilily,  thereforej  that  the  *  perceptive  centres*  for 
visual  impresBions,  and  also  those  for  acoustic  impres- 
sions, would  Imve  a  wide-spread  scat  in  the  cerebral  heml* 
spheres,  whilst  those  pertaining  to  the  gustatory  And 
olfactory  senses  would  have  A  more  limited  distribu- 
tion/* 

With  merely  a  few  verbal  alterations  the  ^'iews  abo 
stated  were  put  forth  by  the  writer  in  papers  written  i 
1865  and  1B69.  And  simple  as  the  notion  may  now  see' 
that  we  have  a  right  to  look  for  distinct  *  Perceptive  Centres 
in  the  cortical  subBtance  of  the  Hemispheres,  which  Bhoul 
be  in  direct  structural  relation  with  their  respective  sen- 
sory nerves  and  lower  ganglia  (or  •  nuclei '),  in  or  near 
the  Medulla— no  mention  of  this  kind  of  '  localization '  was 
up  to  that  period  to  be  found  in  medical  or  pliysiological 

•  A  notion  of  tins  kind  haa  lately  been  Btipport^^J  also  by  Pfo^ 
Croom  Robertson  in  "Mind,"  lOT,  p  07. 
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altbougli,  as  fbe  writer  then  first  attempteil  to 
show,  Buch  notiDua  threw  nmch  light  upon  Cerebral 
Physiology,  and  upon  certain  defects  of  Speech  resulting 
from  disease  of  the  Brain. f  The  writer's  views  were  shortly 
afterwards  endorsed  and  extended  hy  Br.  Broadhent,  in 
valuftblo  paper  on  the  "  Cerebral  Mechfluiem  of  Speech 
,nd  Thought."  J 

Soon,  moreover,  physiologists  began  in  earnest  to 
search  for  such  'Perceptive  Centres'  in  the  corticul 
grey  matter,  The  first  to  do  this  was  Dr.  Ferrier, 
thoujjh  he  makes  no  reference  to  the  writer's  views.  He 
took  up  the  enqniryj  perhaps  independently — certainly 
in  a  thoroughly  eystematic  manner — and  his  results 
deserve  to  bs  moat  carefully  studied.^  The  notion 
that  there  ought  to  be  such  '  perceptive  centres  ^  evi- 
dently commended  itself  to  Ferrier,  and,  with  charac- 
teristic energy^  he  sought  to  throw  light  upon  their  locali- 
zation, QB  he  had  previoUBly— instigated  by  the  views  of 
ughliugs  Jacksou^ — sought  to  establish  the  osistence 


*  No  eucli  cODcluaions  were  to  b«  idfcrrej,  from  the  vit^wii 
concerniog  Cerebral  Piiyeiology  put  forward  ui  thia  country 
generally.  There  ia  a  philosophical  opposition,  in  fact,  between 
them  and  doctrinea  ivliif^h  have  been  widely  promiulguted  by  Ur, 
Curpent(?r(aeeaa  article  oil  "Senmlinn  and  Ptfrceyfiflrt,  "  Nature," 
ec.  23, 18t>9,  and  Jan.  20,  1870,  p.  :i09). 

t  See  "  Physiology  of  ThinkiDg  '*  {"  Fortnightly  Itevit-w,"  Jaii- 
ary,  IS^O),  and  "  Defects  of  Speech  in  Brain  DiaeasQ    ('*l3rit.  and 
For.  Med.  Cbir,  Rev  /'  January  and  April,  18Ij9). 

+  "jied,  Chir.  Triins.,"  1872,  p.  180,  Writing,  indeed,  in  the 
"  Journal  of  Mtintal  SciL-nce'*  for  April,  1870  (p.  23),  Broadbent 
aays : — '*  Th<^se  cori\^olutit>nB  then  which  receive  central  fibres,  and 
are  bilaterally  aaaociuted  by  tlie  C,  callosum,  will  constitute  the 
perceptive  centra  of  Dr,  Bastian/' 

§  Uifl  iiri^t  eommunication  on  this  Bnbjeet  wub  preseuted  to  the 
Koyal  Society,  in  A|irilt  1876,  and  is  to  be  found  tn  Pt.  il,  of 
at  year**  **  Pbih  Traas.,"  p,  415. 
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of  distiact  '  motor  ceDtres  *  in  the  cortex  of  the  Ce 

TiU  quite  recently  th^re  has  been  ■  notaLIe  dearth  of 
eTidenc^  in  meJicftl  literalnre  in  regtud  to  th^ 
and  locallzatioD  of  imj  Bach  '  Perceptive  Centres  * 
ia  man  or  in  the  lower  ftnimali;.    We  have,  mfl  ftlreftdj 

esplained^  good  reason  for  belienDg  that  wenmry  or 
*  ingoing^  fibres  from  the  bodj  generally  pass  to  the 
Cerebral  Hemispheres  in  the  upper  or  posterior  layers  of 
the  Cerebral  PeJ ancles ;  and  that  in  the  edtnation  where 
each  of  these  expands  within  its  own  Henusphere  into^flfl 
the  ao-called  '  corona  radiate  *  sacb  ingoing  fibres  corrosJ^H 
{lond  to  the  posterior  third  of  thia  Lin -like  expausios* 
and  are  there  joined  by  fibres  coming  from  the  lower 
ganglia  or  'naclei'  in  relation  with  the  organs  of 
Bight,  Hearing  and  Taste,  Destruction  of  this  portion  of 
the  peduncular  fibrefl'is  found  to  cut  off  aU  seasorj 
impreBaioMs  —  special  as  well  as  gent-ml — proeeedio^, 
from  the  opposite  half  of  the  body  (p.  490),  But,  whilst 
our  knowledge  is  ^'ood  to  this  extent,  we  are  still  mach 
in  the  dark  as  to  the  relations  of  thc&e  sensory  fibres 
with  the  Thalamna  (and,  indeed,  as  to  tlie  precise  fune- 
tions  of  this  body  generally),  as  well  as  cocceming  the 
nitimute  diBtribuLion  of  the  several  sets  of  fibres  to 
particular  regions  of  the  cerebral  cortex — where  alon 
their  respective  impressions  seem  to  culminate  and  be* 
ciimo  aesoclated  with  subjective  phenonaeua,  or  States  of 
Consciousness. 

The  f^t  of  thtB  absence  of  evideoee  ia  regard  to  the  sitttatiMi 
llie  *  Porceptire  Centres '  of  >f atj  «eoros  at  firet  very  sarprbing; 
■ince  it  might  he  imagined  tbfit  a  etnjy  of  the  mnltitudiJiout 
ft'cords  of  ]ficn\  dii^ea^  implicating  the  Biirfa.ce  of  the  Brain  which 
exi^i  in  medical  works  woald  aoab  At^ttle  the  problem.  This^  hcnr- 
ever.  ia  far  from  being  the  cose,  and  that  for  many  reasons  wliicb 
need  not  now  be  detailed.    Snffice  it  to  iay,  that  local  le&iona  of 
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tho  mere  cortex  of  one  Cerebral  Henoiapherein  man  iiftve  apparently 
never  been  known  to  lie  defiiiilt'ly  associated  with  loss  of  SmeU, 
of  SigTitj  or  of  Hwiring  on  eilhor  aiJe  of  ih&  body.*  This  peculiar 
circa  msUince  seems  to  be  speciulty  relati>cl,as  tbj2  writer  poiiitodoat 
m  1874it  to  the  daplicate  ndtwre  of  the  Brain,  and  to  the  fact  of 
llie  connection  of  each  of  its  Hemispheres  with  the  double  and 
iiiLitnately  united  lower  ganglia  or  nuclL-i  of  each  of  the  S^wcial 
Senses, 

In  consequence  of  such  an  anntomiL'ul  armtigenient  one  Hemt- 
Bphcre  seeniB  often^  in  a  very  fihort  time  after  the  occurrence  of 
duumge  or  injury  to  ita  ftOlow,  to  bo  capable  of  btini,'  bronght 
into  relation  witli  sensory  impressiona  from  both  aidt;^  of  the 
body,  BO  tliat  although  the  'perceptive  centime*  for  th«  aciise  of 
Sijj'htj  of  Smell  or  of  Hearing,  may  be  destroyed  in  the  eon  vol  a- 
tiocH  of  one  henii^jiherc,  no  blindness  of  the  oppoisile  eye  or  no 
nnilateral  loaa  of  smdl  or  hearing,  aa  the  ctme  may  be,  ia  produced. 
It  19  quite  possible  that,  in  the  Brst  instance,  there  may  ben 
some  unilateral  loaa  or  weakness  of  one  or  other  of  the  speota! 
SenaeB  when  one  of  its  couvolutional  centree  is  damaged,  although 
this  defect,  in  tho  early  dayfi  of  an  illnes9^  iniiy  easily  pass  un- 
observed. Failure  of  ohfiervation  in  re^^ard  to  such  pointa  as 
these,  ia  a  matter  of  very  common  nccnrreneo  at  the  commencement 
of  an  Bcntc  disease  of  the  Brairit  Ijoth  on  the  part  of  a  patient 
and  of  his  medical  attendant.  Such  defects  would,  very  proba.bIy, 
noi  be  noticed  or  ascertained  dhIcbb  ibey  were  spii^;iully  looked  for. 
a»  Ferrier  haa  of  late  rightly  eonugli  maintained.  Btill  tlio  exlreoie 
rarity  of  unilateral  impairments  of  Smell,  Sij^rht,  or  neaiing',  aa 
immediate  effects,  in  aaaociation  with  dii^eaees  or  injitries  of  one 
hemupbere  of  the  Rruin  stands  out,  aa  a  very  notable  fact^  in 
regard  to  which  all  the  best  observers  are  unauitnoas. 

If  light  ia  to  be  thrown,  therefore,  tipnu  this  very 
iutcrosting  question  'wiihin  any  brief  period,  r<!courso 
must  be  had  to  experimeots  with  somo  of  the  lower 
aDiraals.  Of  these,  Moakeya  are  obviously  the  most 
Buitahlo  of  all,  on  sccoant  of  the  general  resemblance 

♦  Aa  approximation  to  this  Icnowledgo  had,  however,  been 
arrived  at  in  re^ird  to  SmeU.  For  refercnco  to  cases,  see  Fcrrier'a 
"Functions  of  the  Brain,"  p.  191. 

t  "Lancet,"  July  25. 18H  Ul- 
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wbich  obtains  between  the  Brain  of  tbese  flnimftto 
that  of  Mjin.  Such  c-xperimeata  Lave  been  made  m 
much  skill  and  judgment  by  Br,  Ferrier/  to  vLose 
writings  the  reader  most  be  referred  for  full  details  u 
to  hh  nnmerou^  observations,  and  the  raliditj  of  iUe  tesU 
adopted.  Here  tliere  is  space  only  for  a  brief  enaDciatioa 
of  the  resolts  and  eonchiiuoDs  at  wbicb  ho  has  nrri 


n  PL 


Wio.  I7i. — Left  Boul-plMre  ot  tiic  Bnku  of  »  Utjukcj  [Mat^rmg.  ^ 
irf  a^fiva;  B,  ftiwn  oi  RoUuda:  O,  nvfoto-oocipiU],  or,  pupmutia^m- 
PL.  Pnuil«l  Lvbe ;  PL,  IVIvUlLobo^  O     OodpltMl  Lobe;  tBl^^apdid 
upper.  F2.  middle.       lofrcr  FNAttl  CuovobiilK ;  t/,  np«o4mnU  9 

AM«ndiD£  FferlclAl  CuevotitttoA :  P  f  L,  ISwiero- PilH«U1  lAbu1«:  A  O, 
fjrui;  ip,  Intim-iMirtatttl  £<ulciia  ;      Ta.  Tj,  V^ier,.  Uid^llc,  Atui  Lotrm  twm^i^ 
OoDWluUvB';  tt.ri.Up|HrvsilLow«rTnnpnrAl8ti]cl:Oi>  Da>03.U|ViW,  MfcddW,  iftd 
Lomr  Oo6ipit«I  ConrolutiwiM  :  ci,.*],  ttnt  audKci^ud  Occfpiul  Fhautm.  ifctfrlv-) 

These  experiments  of  Fcrrier  are  supposed  bj  him  to 
support  the  notion  that'  perceptive  centres  '  limited  in  area, 
and  topographieally  distinct  from  one  auolher,  eiist  in  tha 
cortex  of  the  Cerebral  Hemispheres,  His  facts,  lioweter, 
do  not  necessarily  carry  with  them  any  snch  interpntation. 
Ther  are  quite  capable  of  being  explained  in  MeovdancA 

•  <See    Philoe.  Tiani.  1875."  Pt  tl.,  and    The  Ftt»ct>Uia 
Brain,**  1977.  chap,  a. 
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with  what  we  hold  to  bo  tlio  more  probable  theory,  viz^: 
that  such  '  perceptive  centrcfi '  or  mechnnisms  are  diffuse 
In  seat  aud  Interblended  with  others.  This,  indeed,  has 
been  pointed  out  br  Prof,  Croom  Eobeilson,*  who  says : — • 
"so  there  is  no  intrinsic  imprubiibility — rather  the  reverse 
— in  the  view,  that  impressions  received  by  any  organ  of 
wnse  are  all  carried  np  first  to  a  parlicuhir  region  of  tbe 
corlicrtl  substance  before  tlioy  are  brought  into  relation 
with  other  impressions  and  with  motor  irapiilseg,  or  «ro 
otherwise  elaborated  in  the  brain.  It  may  well  be  that 
there  are  special  sensory  regions  in  the  brain -covtcXj  and 
that  Dr.  Ferrier  baa  ^ven  the  first  rough  indication  of 
their  locality."  Each  set  of  sensory  fibres  might,  in  fact, 
direct  themselves  towards  some  particular  part  of  the 
cerebral  cortex,  Trhencc  tbe  fibres  might  diffuse  themselves 
more  or  Icsa  widely.  Thetio  *  first  cortical  stations/  or 
re^fions  fi'om  which  sensory  fibres  diffuse  themselves  in 
different  directions,  may  have  no  real  claim  to  be  considered 
as  *  centres/  and  yet  tbe  same  kind  of  results  may  follow 
from  their  destruction  or  Btimulalion  as  if  they  were  real 
'centres.'f  And  owing  to  the  subsequent  diffasion  of  the 
Beveral  kinds  of  fibres,  other  regions  are  not  likely  to  be 
revealed  by  experimental  investigation  which  would  have 
any  similar  claims  to  be  regarded  as  *  senHory  centres,' 
Croom  Robertson  truly  sa)'^,  sensations  themselves  "can 
neither  be  supposed  to  be  consummated  at  their  first 

*  See  a  review  of  Dr,  Fcrm'f'a  worlt  in  "  Mind,  *  1877,  pp.  36, 97* 
f  0.  Robertson  aptly  rcmarkfr,  "  Peripheral  iinprestJona  may  ha 
utterly  prcveuied  from  coming  into  coDsciousneBa  bj  the  cortical 
leiiicin;  )>iit  it  <^oea  not  follow  that  th^  loiit  act  of  the  uervoiia 
procesif  invotrcd  in  a  cooscious  seaeation  of  touch  is  naturally 
eonsuiimmteil  there  and  nowhere  else  in  the  braiiii  or  that  in  all 
th{\t  rejj^toQ  there  is  no  work  done  hut  such  (objectively}  we  cull 
t^JTjch." 


of  most  importauce  for  eacU  i^enao  reqol 
tiou  bj  othct'  workers  than  tbcy  Lave 
tboy  can  be  fiually  Jitvcopted  us  correct,! 
and  ability  with  wbicb  bis  experimoiilj 
ducted  should  eoaure  for  them  that  can 
teBtiiig  which  their  iujpurtauce  deserves. 


Pio,  173, — littflrniij  Aspect  of  the  TtLgbt  IJemfHplH-PB  uf 

GytM*  tomicntua  ;  CM,  Miuirliial  (.'oDToliitlan ;  T,  I 
Crochet,  *r  aubicmlum   curaii  Atnmoiii*  ;  ^,  tjuftfirllrtt 


Well  conducted  experiments  upon-  i 
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power  at  will  to  call  into  existence  conditions  which 
nliitDHt  never  exist  ia  tbo  cusq  of  dii^eas^  in  the  human 
Bulfject — that  is,  he  can  produce  symmetrical  destructitins 
in  corresponding  regions  of  the  two  Hemispheres,  and 
knowing  that  such  lesions  aloue  exist,  can  thereafter  moat 
cjirefnlly  test  the  animars  condition  in  respect  of  tho 
stiU^e-endowment  supposed  to  he  interferetl  with. 

Taking  first  of  all  the  case  of  the  sen  kg  of  Sight,  we  find 
rcrricr  localis^iug  its  '  perceptive  centre  '  in  tho  *  angular 
g^tna  '  and  part  of  the  '  supra -marginal  lohule  '  (fig.  174). 


VUu-tl  Centra     the  i^rtux  of  loft  iT-r«brul  Ilantist^huitc.  (FciriDr.] 

Destruction  of  such  parts  on  one  side  in  an  animal  rendered 
insensible  hy  chloroform,  seemed  to  produce  blindness 
of  the  opposite  eye  for  a  day  or  more — ^judging  from  the 
effects  of  bandaging  the  other  eye  for  a  time  and  then 
removing  tho  bondage,  so  as  to  he  able  to  watch  and 
contrast  the  aniraars  behaviour  under  these  different  con- 
ditions. After  a  day  or  two,  tlic  animal  esperimetited 
QjMjTi  again  appeared  to  see  with  both  eyes.  Where, 
however,  these  regions  of  the  cortex  had  been  destroyed  in 
both  Hemispheres,  the  creature  became  blind  in  both 
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ejes,  &ml  did  not  fiubsequently  recover  from  this  condi- 
tion. Iii&tead  of  ft  temporary  defect  on  the  eide  opposed 
to  the  uiitlateriLl  lesion^  the  animal's  sight  was  now  per^ 
mutiently  lost  on  both  sides,* 

After  comparative  ohfiervations  upon  the  effects  of  Qiii- 
ktenil  »nj  tionhle  destrm^tive  lesions,  Ferrier  localijsod  the 
'  percoptive  centre  '  for  the  sense  of  Heanng  in  the  opp 
half  of  the  '  superior  temporal  cotivolution  *  (tig.  175" 


Ftu.        -Hmlii  <>I  Maukc}-,  »tt<»wlii}r  tt  t«liA'1c<t  drcA  CCTTfltpottdiftg  iritli  line 
cnUvd  '  Auditury  Cmjtre "  Iw  Lbo  Oortci  of  Uie  rlglit  Corubral  HemlaptiviT.  if« 

Here  a^ain  doBtruction  of  this  region  in  one  HemiephcFft 
Mas  fimnd  to  U^iid  only  to  u  very  temporary  deafness  in 
the  oar  of  tho  opposite  side  of  the  body ;  whil&t  desi 
tion  of  the  same  rep;ion  in  bath  Hemis|)heres  caused  ft 
lusting  and  total  deafness  on  both  sides,    Keforring  to 

*  See  p.  393  for  the  uotilication  that  ia  the  brain  of  Prof  De 
Margnii  tlicrc  wa.B  no  appreciable  dilferotice  in  the  appearance  of  Iho 
*mi^njlar  gyroB '  Atid  the  *  snpm-marginal  lobule '  on  thcf  two  sides 
of  the  brain,  altbough  this  celebmti'd  mathenittticknhaJ  Im^u  blind 
on  ttite  sido  a]nt(i«t  from  birlh.  Id  the  exBinination  of  thi^  Brain  of 
a  deaf  and  dumb  womnn,  moreover,  BroadWat  ^"Jrnl,  of  Aoat. 
Phyaidl.,"  vol  iv,  p.  218)  neither  reoords  the  exiHlence  of  nor  » 
iwuts  any  ajieciitl  atn>pliy  in  the  *  suiKrior  terarMjral  consolations. 
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ne  of  tbo  aninmls  on  wliich  ho  studied  tbeso  eOects, 
Ferrier  sajs  :* 

"The  anguliir  f?yrua  liad  jaat  been  caut^med  on  the  lefl  atde, 
mill  the  cfie<^t  of  causing  bllndticas  m  the  n^hi  eye  alone,  and 
witlioiit  any  ain.'ctiQa  of  beaviui^  or  Ihe  other  senses.  The  superior 
tempiro-sphenoitlal  convohitioii  -waa  tli(;u  rxpoaed  and  cauterized 
on  both  sides,  the  U-sion,  as  was  aBeerLained  }n}gi-vwvtcm;  bein«y 
confined  to  this  region.  After  com|>let*ji  recovory  from  the  opera- 
tbttt  the  vftrioiia  Bcmses  anJ  pDivers  of  volutitury  motion  were  tested 
rGj»eiiteiily.  Touch,  tiiste,  arid  smell  \vcr«  perfect;  and  si^hi,  aa 
indicated  by  the  animol^e  perfect  freedoni  dT  iDovement  and  ability 
to  find  its  food  and  drink,  pracliciilly  unimpaired  twenty-four  houra 
after  t lie  oporatiun,  Aa  regit rd^i  hearing  it  was  difficult,  to  devise 
a  satiBfactory  test  owinf^  to  tlie  alertnesg  of  the  aiiimui!,  and  the 
altenlioD  that  it  gave  to  everything  around  it.  A  loudsound  uloae 
beside  it  van^d  ft  uturt,  which,  however,  could  not  be  taken  as  a 
test  of  hearing  proper  aa  diatiaguished  from  relies  actionaf  ,  ,  .  .  - 
la  order  to  avoid  attracting  it^  atti^ntion  by  sight,  I  retired  behind 
the  dcor  and  ivatehed  the  animal  thrrjnj:;h  a  oliink,  white  it  eat 
comfortably  before  the  fire.  liVhcn  all  waa  atill  I  called  loudly, 
whittled,  knocked,  without  attracting  the.  animnra  attention 
ig  the  BOtirce  of  the  sound,  though  it  was  «itttng  perfectly  awake 
and  looking  around.  On  my  caatioasly  appronching  it,  it  renminod 
naaware  of  my  proximity,  until  I  came  wiiliin  the  field  of  vi:4ion, 
when  it  started  suddenly  and  made  grimnces  as  if  in  terror  or  akirtn. 
On  repeating  these  teata  when  the  monkey  waa  sitting  quietly 
along  with  a  companion  monkey  whose  powers  of  hearing  were  un- 
questiunable,  the  compatiiou  invariably  Itecame  startled  at  tlie 
t*onnds,  and  came  peering  curioualy  to  ascertiiiii  their  oHgiu,  while 
tha  other  remained  quite  stiW* 

Id  refijard  to  the  seat  of  tlie  '  perceptive  centre  *  for  Iho 
sense  of  Smell  we  have  anatoniiciil  indications  of  great 
value.    The  coniiectioa  of  the  '  olfdctory  tract,*  with  tli6 

•  "  FuncLiona  of  the  Brain,"  p.  17*1. 

•f  Tliewe  startinga  produced  by  near  noises  ate,  as  Ferrier  very 
juBlly  fiuya,  "  to  b©  regarded  as  reHux  phenotuena  of  the  same 
oatitre  aa  those  obHerved  by  Fluuient,  in  the  case  of  pigeons 
deprived  of  tlicir  hemisLihereap  when  a  jjiatol  waa  fired  clasa  to  tlm 
head,** 
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tip  of  the  Temporal  Lobe  (or,  indeed,  the  actual  continnttjr 
which  cxiBts  between  these  parts  in  many  auinials),  as 
Ferrier  sitys,  **  might  of  itself  be  regarded  as  cstHblishin^ 
strong  f^i-ounds  for  a  phyeiolo^dcul  counectioo  between  this 
rcffion  and  the  sense  of  smell/'  He  adds  ;  In  tho  monkej 
and  in  man  the  direct  connection  between  the  outer  root 
of  the  comparatively  small  olfactory  tract  and  tho 
Bubicalum  *  ia  not  so  cvidentj  though  in  the  monkey 
iy  mci'o  apparent  than  in  mau.  The  origin  of  this 
culled  root  from  tha  enbiculum  ia,  however,  tborou'^hly 
established  by  microscopical  investigation." 

A  lesion  of  one  Babiculum  waa  found  to  causae  dimino" 
tion  or  abolition  of  Smell  on  one  aide,  viz*,  the  side  of 
lesion — thus  confirming  the  direct  relation  above  indicate<l. 
For,  113  Ferrier  points  out,f  "  Neither  the  inner  roots  which 
fuse  with  the  gyms  fornicatua  on  each  aide,  nor  the  outer 
roots  which  arc  connected  with  iho  aubicula,  and  thence 
tln^ough  the  poBterior  pillaia  of  the  fornix  with  the  opLic 
thalamic  nndergo  decussation,  and  hence  there  is  no 
anatomical  basis  of  cross  connection  between  the  olfactory 
bulbs  and  their  cerebral  centres."  Destruction  of  both 
these  regions,  was  found  to  cause  lose  of  Smell  on  bo! 
Bides,  of  a  permanent  character.  | 

♦  TliU  nariiB  is  gives)  to  ilie  Inmr  part  of  tho  tip  of  the  li'nijio^ 
ral  I>obe,  nr  more  preeifiely  to  the  tip  of  the  '  nncinate  fonv«4ulion.' 
t  hoc.  cit.  p.  IB  J. 

X  An  attempt  toexpkiu  the  lack  of  decuaetatioa  of  the  olfftcto 
cbanneU  has  been  huzarded  oa  p.  482.    The  eease  of  Smelt  llfae 
oipina  of  wliich  are  sitUfited  on  each  aide  of  the  middle  line  of  the 
body]  is  just  that  mode  of  B(?DHibi]ity  in  ^vhieh  na  diacriiuination  * 
ever  made  b*ftween  the  impi-esKJons  coming^  from  the  two  eides. 
Hort  uf  dibturbauce  or  fniharnii^smeot  vfonld  thereforu  Bt^em  like 
to  he  prorluced  fi-om  tJie  fuct  that  inapres&tons  of  stuotl  from 
riffht  ijostrit,  are  hronght  into  reltLtion  in  thu  corresponding  Ce 
bral  Ileaiiiiphcre  with  fjustutory,  visual,  auditory,  and  tjictiU  i 
pressions  cmanutitig  from  the  h/t  side  of  the  Ijody,  and  rice  vci-$ 
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Owing  to  the  protected  potiition  of  tLe  tip  of  the 
IViiipoml  LoLe,  nceurato  limitation  of  legions  in  tliis  situa- 
tion was  fonud  to  be  almost  impassible.  Hence,  tbaugh 
tbe  '  ceutrG '  for  Taste  ia  belieTed  by  Ferrier  to  be  imme- 
diately contiguous  with  that  for  Smell ,  viz,,  in  "  the  lower 
part  of  the  midtlle  teniporo-sphenoida!  convolution/*  at 
tbe  tip  of  the  Temporal  Lobe,  he  ia  imiible  to  epenk 
!  with  80  much  certainty  as  to  this  localization*  *'  The 
1    abolition  of  taste,"  he  says,  "always  coincided  with 


Ttd.  ITS.— Br4ln  of  Huiiko^,  Hlinwin;  slmrled!  ana  In  Tcmponl  Lobe,  tbe  dicatruc- 
tlon  of  wljlch  idnwcl  luaivf  Siaell  MU  lU^  04019  ii4ei  pnd  Im  of  Twio  un  %tie 
vpfotite  «ld0,  |FcTrl«r.) 

destruction  of  regions  situated  in  close  relation  to  the 
subiciiium  ;  "  whilst  in  favour  of  the  part  above  defined 
bein^  the  centre  for  Taste,  be  remarltw  that  irritation  of 
this  portion  of  the  '  middle  temporal  convolution '  leads  to 
movements  of  the  lips,  tongne^  and  check  pouches,  which 
ho  regards  as  **  reflex  mov<?mcnt8  consequent  on  the  es- 
;  citation  of  the  gustatory  sensation.'*  Destruction  of  this 
,  region  on  one  side  produced  temporary  loss  or  impair- 
mont  of  Taste  on  the  opposite  side  of  the  tongue ;  whilst 
the  loss  of  this  sense  became  completOj  double,  and  per- 
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Tnaneut,  when  lUe  Kitmo  pjirt  was  destroyed  on  l»o 
sides.* 

Dcstnirtiou  of  ihti  whole  of  the  tip  of  one  Tempo 
Lobe,  waa  found  to  produce  a  temporary  loss  of  Smell 
the  Game  si  Jo  and  loss  of  Tttste  on  the  opposite  slOe. 

In  regard  to  the  seat  of  the  *  centre '  for  Tactile  a 
Common  Sensibility,  Bome  difficulty  was  at  first  e^peri* 
eoccd  in  fixing  upon  any  site  which  seemed  espeeial^ 
ooBcerned  with  such  impresaions,  Fi^nier  says:  '*  AfiM 
numerous  e^speriraenla,  in  which  almost  the  whole  outer 
surface  of  the  hemisphere  had  been  fiuccessively  destroyed 
without  cflUBing  losEj  of  the  sense  of  touch,  it  seemed  to 
me  strange  if  soch  an  important  intellectual  sense  should 
not,  like  the  othora,  have  a  special  centre  in  the  hcmi- 
sphere.  My  attention  was,  therefore,  directed  to  the  inner 
aspect  of  the  temporo-sphenoidal  lobe,  and  to  deTise  a 
method  by  which  this  region  might  he  reached  and 
destroyed."  Ferrier  soon  succeeded  in  getting  at  this  region 
from  behind,  and  his  suheoqnent  ex:penments induced  hi 
to  regard  the  'hippocampus  major'  and  the  overlyi 
'  unciuate  couvolution  *  as  the  parts  which  are  speciiilly  to 
regarded  as  the  centre  for  Tactile  Impressions  (fig,  IT 
Destruction  of  this  region  causes  complete  loss  of  sensibillt 
in  the  opposite  half  of  the  body,  and  that,  too,  of  a  mora 
permanent  character  than  the  dimiuution  whicli  occurs  m 
other  moJes  of  sensibility  from  unilateral  dcstractiou  M 
their  convolational  •  centres* — a  result  which  is  so  farfll 
esact  accordance  with  what  may  ho  frequently  rccogni^cil 
as  the  effect  of  disease  of  the  Brain  in  Macf 

•  Ferrier  says :  "With  tbe  abolition  of  tafile,cDtaiieouii«n« 
ofthetongne  wjia  also  abolished,  a  fact  indicating'  theawocia'' 
in  the  lietuicpliere  gf  the  o^iitres  of  tactile  aad  special  eeasatioa 
the  ton;?!!*'"    I  Loo.  cit.  p.  189,) 

t  "ParalyBia  from  Brain  Disease,"  1875,  pp.  103,  12L 
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Ab  regards  the  establislimeDt  of  the  esistence  or  abscnwi 
of  Tactile  Sensibility  in  an  animal  uutler  obscrvatioti,  the 
eatne  kintl  of  difficulty  is  encountered  as  in  rep;aril  to  the 
other  senses,  owing  to  tbe  uncertainty  besetting  the  dis- 
I  crimination  of  a  mere  reilex  reaction  to  Btimulatiotij  from 
one  which  has  resulted  frnm  a  conseions  Perception. 
Ferrier  therefore  "  emleaToureJ  to  apply  sncL  testa  as 
might  clearly  distinguish  between  the  two  cftsea,  relying 

I lore  on  the  evidence  fnrnibbed  by  the  epODtaueoos 
Fin.  17",— Iiitcni-il  ANj^wt  ot  Lho  right  HcitiSspbcra  o|  Oj«  nnttn  of  «  MijipKi-v, 
«lu>«lng  s  ilarkly  BbNi1i>i]  [4rtn  (»rroA^ndfn^  vfifli  tlie  v>-i^\l6>i  'TaciUc  i>ii(re/  tual. 
>ry  (tnit«d  liiutu,  tliD  diructluti  Ui  wbU'b  vii  In&tmmcut  vtoa  ^iiMrtod  lur  iho  d««tnie- 
tiou  of  tbU  ma,  (Forilcr.) 

activity  of  the  animal  tban  on  mere  reeponBe  to  cntanoona 
etiimilation/' 

He  operated  upon  a  Monkey  whicb  was  in  the  main  left- 
handed,  that  one  which  took  things  offered  to  it  pre- 
ferably with  the  left  band.  For  this  reason  the  rifjht 
hippocampal  ren^ou  was  destroyed,  with  the  riew  of  aflect- 
inw  the  sense  of  touch  in  the  limb  which  tho  animal 
ueurtlly  employed.''    The  results  are  thus  described.* 

••After  recovering  from  the  nperalioa  and  the  narcotic  stupor, 
Bight  and  heuHng  were  found  to  be  iinimpairoJ,  and  Uio  intelligence 
quick  and  active  as  befure*  Hsit  nitancous  Btiroulution  by  pricking, 

*■  Loc.  cit,  p.  ^7^*f 
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pinching,  or  pungout lipat  auJEcientto  canae  lively  marnfeafations 
of  g^Dsation  when  applied  to  the  right  ftiile  of  the  bodj»  failed  iq 
general  to  elicit  any  reaction  whatever  on  the  left  piil«,  whether 
face,  hand,  or  foot.  Only  occns  ion  ally  when  the  stinjului  wai 
intense  or  lon|^  continncJ,  did  reaction  at  all  enene.  This  most 
remiirkable  absence  of  reaponse  of  any  Vmd  rendered  the  fiict  wf 
annthilaLion  of  tactile  seosibility  ahnost  conipli^tcly  proved  withoofc 
further  evidence." 

An  alteration  in  the  character  of  the  Movements  capable 
of  being  executed  hy  the  left  limbs  also  existed,  which,  afl 
Ferrier  thinks,  was  of  the  kind  **  due  to  the  loaa  of  tactile 
Benaation  by  which  noovenients  are  guided,*'  It  eeema 
almoat  more  than  doubtful,  however,  in  the  face  of  nincU 
recent  evidence,  whether  *atBxj'  of  Movement  is  neces* 
sarilj^  01'  even  ever  occasioned  by  tnoie  loss  of  cutaisoou 
Btnaibility  (see  pp.  682,  700), 

But  a  digression  becomes  needful  at  this  pointi  ou 
account  of  the  complex  oature  of  TactiJc  and  Common 
Soneibiltty,  and  their  relations  to  the  Eo-called  sixth  or 
^Muscular  Sense.*  It  is  highly  important  that  dcfinito 
notions  fihould,  if  possible,  be  arrived  at  in  rojiard  to 
the  latter  endowment,  in  order  that  we  may  karn  how  far 
anything  worthy  of  the  immo  exists,  apart  from  tho 
Tarioua  modes  of  Tactile  and  Common  SonsibiUty — an* 
aho,  incidentully,  what  mode  of  sensibilLty  it  is  by  wUich 
Movements  are  principally  guided. 

Under  the  head  of  Tactile  and  Common  Sensibility  aro 
to  be  included  many  different  kinds  of  ImprcEsionfi  rooro 
or  less  distinct  from  one  another-  Thrown  into  a  tabular 
form  they  may  he  thus  an-anged  : 

f  1.  Tactile  impressions  proper, 
At  From    Skitt    and  j  2.  Impreenious  of  oontiict  and  premrflL 
Mneottt     Mi'm  - 1  4,  ImpreHaiona  of  t«iQ[)eraiur6L 
5ranec.  ^  ^  Itnpreflsiona  of  pain. 
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C  1,  Impre^ions  (ill  deBned)  of  stmin  or 
tenaion. 

(  2,  ImprBssbna  of  ppin  (rare). 


fl.  From  Fff^nir,  Ten- 
domtf  and  Boneit, 


I,  I 


(ill  defined]  of  atmin  or 


lEtilOnB 

luipressuvns  of  pdn  (rare) 


({.  From  Vitc 


era. 


m\tv^¥sion&  of  contuct  or  pres&nre 
.  (ruri!). 

(,  2.  ImpresBiona  at  pam  (more  coniinoti). 


"Mucous  "Membranes  are  found  to  vary  in  tbeir  acuteness 
in  certain  diseases  of  the  Cord  or  Bmin,  quite  out  of 
relation  to  one  another.  Thus  the  ability  to  di^crimiiiate 
fcetwcen  heat  aiul  cold,  or  tlie  sensitivity  to  painful  im- 
pressions may,  eilber  separately  or  togetborj  be  abolished 
pn  parts  which  arc  etill  sensitive  to  impressions  of  con* 
tftct  (tactile  sensibility  or  touch  proper),  or  vice  versa. 
Hence  it  is  that  eomo  distinguished  physiologists  believe 
these  din^rent  kinds  of  Impicssions  to  bo  conducted  by 
separate  ncrvo  fibres  ;  whilst  others,  with  aa  much  evidence 
in  favour  of  their  view,  cousiider  that  the  same  nerve  fibres 
pre  capable  of  bcin<^  impressed  in  different  modes^  so  as 
to  conduct  different  kinds  of  molecular  vibrations — and 
that  they  may  hence  give  rise  to  Impressioiia^  whoBfl 
Bubjective  phaaes  differ  to  lha  extent  above  mentioned. 
Fussing  from  considerations  of  this  Itind,  we  have  now 
fiicti  the  related,  though  muiih  more  important,  set  of 
questions,  as  to  the  esistence^  nature,  and  origin  of  a 
s^iparate  endowment,  commonly  spoken  of  as  the  Muscu- 
lar Sense.  These  questions  have  much  occupied  the 
attention  of  physiologists^  pathologists,  and  psycholo^sta 
- — and  especially  the  latter — during  recent  years.  So 
much  importance,  indeed,  is  assigned  to  the  '  Muscular 
34 
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Sense*  imprcsstotis  by  psychologists  that  it  becomes  above 
ftU  thinga  necessary  for  clear  and  comprehensive  naliona 
to  bo  eiitcrtiiincil  ii3  to  tbo  rPul  nature  of  any  such  on- 
dowment.  Prof.  BruD,  for  inatauce^  maiDtams  that  unless 
ceilftiii  views  are  held  in  regard  to  tbo  muscular  sense — 
nitless  it  be  deemed,  as  ho  terms  it,  an  '  active  '  mod^ 
of  sensibility  directly  dependent  upon  motor  aervefl  and 
motor  cp.utres— "  the  most  lital  distinction  within  the 
Bphere  of  mind  is  bereft  of  all  physiolojrical  support/'* 
This  may  or  may  not  be  true ;  bat  in  any  criso  it  shows 
tho  importance  of  hein^  able  to  arrive  at  correct  notloDB 
concerning  an  endowment  upon  the  nature  of  which  &o 
much  of  philosophical  doutrine  is  supposed  to  depend. 
Croora  Eobeitson  has  also  of  latef  referred  to  the  subw 
joct  as  **one  of  the  first  inipoHauee  in  the  psychology 
the  present  day/' 

The  viewn  expressed  at  ditTerent  timca  in  regard  to  tb 

*  Muscular  Sense,'  and  the  nieana  by  which  we  apprccia' 

*  resistance  *  have  been  so  vaiious  and  contradictory  as 
make  it  almost  imposaible  to  give  the  student  of  this 
question  any  adequate  notion  of  the  real  problems  requiring 
solution  without  bringing  together  somo  historical  notes 
illustrative  of  tho  various  opinions  that  have  been  hel 
on  tho  subject.  Some  of  these  notes  of  earlier  date  we 
originally  supplied  by  Sir  AVm.  Hamilton  ;  but,  as  mucli 
light  has  recently  been  thrown  upon  the  eubject  by  obscr- 
vationB  of  eases  of  llemi-amcsthesia  occurring  in  the  hama" 
subject  it  is  in  all  respects  convenient,  and  even  neceBsary, 
that  tho  whole  question  Bhouhl  be  reconsidered*  Thia 
has  been  doti*;  but  as  the  diRcuBsion  of  the  qncstion 
constitutes  a  digression  too  lengthy  to  bo  introduced  in*, 
this  chapter,  and  as  it  is  evidently  technical  in  nature^  it 

•  "  Sonata  and  Intellect,"  3rd  ed.,  p.  77* 
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has  hecn  tliougljt  better  to  rolct^iite  it  to  an  Appendix 
(p,  691),  aiKl  bcre  merely  to  introduce  the  vicnv  whicL  seems 
best  STipported  by  the  evitlEnco  there  adduced,  together 
with  some  sugfjestiotia  which  nmj,  perhaps,  be  calculated 
to  obTiatc  confusion  in  the  futore. 

The  coDctusion  there  arrivod  nt  is  that  the  torra 
'Muscular  Sense'  ought  to  be  abolished^  aa  being  in 
several  respects  misleftdiiig»  when  applied  (as  it  often  h) 
w-iih  totally  distinct  sigiiiflcationg,  partly  referring  to  sonfio 
and  partly  to  all  the  impressions  which  we  derive  from 
onr  moving  members,  or  from  Movemcnta  generally*  Wo 
may  mnch  more  reasonably  and  conveniently,  in  the  face 
of  nil  the  Jisagrccmonts  concerning  the  'muscular  sense/ 
speak  of  a  Sense  of  Movement,*  as  a  separate  endoTOient, 
of  a  complex  kind,  whereby  we  are  made  acquainted  with 
the  position  and  raovements  of  our  lirabs,  whereby  we  judge 
of  '  weight'  and  'resistance,'  and  hy  means  of  which  the 
Brain  also  derives  much  uiiconscioua  guidance  in  the  per- 
formance of  Movements  generally,  but  especially  in  those 
of  the  automatic  type.  Impressions  of  various  kinds 
combine  for  the  perfection  of  this  'sense  of  tnovoment/ 
and  in  part  its  cerebral  seat  or  area  coincides  with  that  of 
the  sense  of  Touch,  There  are  included  under  it,  as  its 
aeveral  components,  cutaneous  impressions,  impressions 
from  muscles  and  other  deep  textures  of  the  limbs  (such 
as  fascim,  tendons,  and  articular  surfaces),  all  of  which 
yield  Conscioua  Impressions  of  various  degrees  of  defi- 
niteness ;  and  in  addition  there  aeeuis  to  be  a  highly 
important  set  of  '  uufelt  *  Impressions,  which  guide  the 
motor  activity  of  the  Brain  by  automatically  bringing  it 

♦  Or  in  one  word^  Kinflcstheais  (from  Kivta,  to  move  and 
aid&Tiats,  aensfttion).  To  speak  of  a  * KtnJtsthetic  Centre*  will 
(y?rtajn!y  be  fouml  more  conveuiptit  than  to  speak  of  a  *  KcnsB  of 
Movement  Ceutre.' 

b  
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into  relation  with  the  diiTereDt  degrees  of  contracljon  of 
all  Muscles  that  may  be  in  a  state  of  action. 

Such  imprcssionSj  iu  such  groups,  difler  from  those  of 
ftU  other  Sense  Endowments  inasmuch  as  ihej  are  '  results* 
rather  than  '  causes '  of  Movementj  in  the  first  instance; 
and  are  subsequently  used  only  as  guides  for  promoting 
the  continuance  of  ^lorements  already  begun  (p.  G9)»  Bat 
in  other  ca^es  the  '  ideal '  revival  of  some  each  intpres^sioiMi 
^'ill  cooperate  with  certain  sensorial  or  ^volitional*  stiiuaflj 
for  the  rene^val  of  Movements  that  have  been  executed  at 
some  previous  tirae. 

The  experiments  of  Ferrier  are  thought  by  him  to  show 
that  the  sensibilities  pei'tainiiig  to  MuFcleSi  Fascife,  Ten- 
dons, and  Joints  depend  upon  Impressions  which  dilTuMj 
themselves  in  and  from  the  same  cortiatl  area  a*  tkM 
which  U  related  to  the  more  superficial  Cutaneous  Imp rtS" 
sions.  By  certain  cortical  lesions,  as  well  as  by  lesions  of 
the  posterior  part  of  the  *  internal  capsule/  all  these  modes 
of  Tactile  and  Common  Seneibility  have  been  thought  to 
be  impaired  or  aboU<5hed  together. 

IL  is  quite  pos^^ible,  liowever,  to  fmd  that  in  certain 
diseases  of  the  Spinal  Cord,  the  sensibility  of  the  Skin  may 
be  impaired  or  lost,  whilst  that  of  the  Muscles  and  other 
deeper  structures  is  retained  ;  or  in  other  cases  for  the 
sensibility  of  the  Skin  to  be  preserved  whilst  that  of  tbo 
Muscles  is  lost ;  •  and  in  others  stillj  for  ordinary  superficial 
and  deep  sensibility  to  be  presorted,  whilst  the  transit  of  th© 
'  unconscious '  impressions  from  Muscles,  above  referred 
to,  is  moie  or  less  interfered  with,  so  that  wliilst,  ia 
such  a  case,  there  is  noither  motor  nor  sensory  paralysis, 
there  may  be  an  inability  to  co*ordinate  Movements  wttb- 
out  the  aid  of  Sight. f 

*  Jnccoiid,  *'Lea  pampk'gien  et  rataiie/'  18U4, 
t  Lnndry,  •'Traito  (U'h  ponilysi^vV 
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In  regard  to  Visceral  Impresaions,  the  reader  must 
now  be  well  aware  tlmt  sensations  ftr&  not  Imltitually 
received  iVoni  iiiternitl  orf^nns,  and  thai  va^^uc  impresBiona 
only  ore  folt  at  intervals  so  long  as  those  organs  continue 
in  a  healthy  condition.  That  impressions,  however, 
habitually  pass  from  some  of  the  viscera  to  the  Brain^ 
althoiif^'h  devoid  of  conscious  accoropaniraeutsj  ean  be 
Bbown  by  good  indirect  evidence.  Systemic  inaprcssiona 
arc,  in  thi^  roanner,  liable  to  eserciao  an  important 
influence  upon  the  geiici'al  current  of  our  Thoughts  and 
Emotions,  and  they  may  also  modify  to  a  marked  extent 
the  activity  of  the  Brain  ivilhiu  tbo  spheres  of  one  or 
more  of  the  Special  Senses,  Tbus^  though  not  themselves 
attended  by  Consciousness,  it  is  nnquestionahly  true  that 
*'arious  '  visceral  impressions '  powerfully  modify  the  Con- 
ecions  Life  of  Unvcr  animals  aa  well  as  of  Man, 

It  is  more  than  probable,  therefore,  that  these  Systemic 
Impressions  pass  by  definite  routes  througli  (he  Medulla 
and  lower  parts  of  the  Brain,  and  thence  upwards  to  somo 
dehuite  re^on  of  the  Cereliral  Cortex,  whence  they  possi- 
bly radiate  in  different  directions.  The  fact  that  the 
impressions  arc  of  an  *  unconscious '  typo,  need  not  inspire 
doubts  as  to  whether  they  reach  the  Cerebral  Cortex.  The 
probabilities  are  gi-eatly  in  favour  of  their  doing  so. 

The  parts  of  tbo  Cortex,  however,  to  which  sueb  impres- 
eions  principally  proceed  is  at  present  unknown.  Ferrior 
is  inclined  to  beliovo  that  tliGy  go  to  the  Occipital  Lobes. 
Bnt  the  evidence  adduced  by  him  seems  to  the  writer 
inadequate  to  support  sucb  a  conclusion,  and  he  himself 
does  not  strongly  insist  upon  it.*  Apart,  moreover,  from 
the  dubious  nature  of  the  special  evidence  upon  which 
Ferrier'fi  opinion  in  regnrd  to  the  cerebral  localization 
of  Visceral  ImpreBfiions  is  basedj  this  couclusioa  IB  one 
*  "FuuLlioEB  Df  lliu  Drain,"  p, 
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which  docB  not  commcDd  itself  verj  LigLly  wlteu  jrid^^r 
by  general  evulence  open  to  all.  It  is  surely  a  little 
repnpittiit  to  wai'rantable  iiifereucos  to  be  asked  ta  Kplicve 
tlmt  impressions  so  primordial  as  the  'Bysltiuic  '  tbrongU- 
out  the  Vertebrate  Series  (and  which  would  seem  to 
diminiBh  rather  than  increase  in  importance  in  the  highor 
members  of  the  series)  should  have  most  to  do  with  one 
of  the  latest  evolved  and  most  specialized  xwtious  of  tbij 
Cerebrnm.  This  general  evidence,  indeed,  as  the  nrit^ 
has  elsewhere  suggested,  points  rather  to  tbe  ^ealer  pro- 
portionate implication  of  the  Occipital  Lobes  with 
higher  Intellectual  Activity  of  which  the  nninial 
capable,*  The  latter  iiotiou  has  aho  boon  supported 
Dr.  Hiighlinga  Jackson  and  othtira,  because  of  its  aoco 
nnce  with  many  facta  aupplied  by  sufl'erers  from  dlsca 
of  tbc  Brain, 

It  docs  not  at  all  follow  thnt  Yisccral  ItnpresaiODS  fro 
the  two  sides  of  tbe  body  should,  like  the  majority  of 
sensory  impressions^  decnssato  in  sonae  part  of  th 
course  to  the  Cerebral  Hemispheres,  No  similar  udvantA 
would  result  from  the  decuGaation  of  such  imprcssir* 
In  tbe  first  place,  no  uniform  bilateral  symmetry  is 
with  throughout  the  Viscera;  and  secondly,  if  the  crossi 
of  other  a:^nsury  strands  has  been  brought  about  in  ♦ 
manner  we  have  attemplel  to  indicate  (p.  478)  no  object 
would  be  gained  by  a  similar  decussation  of  Visceral  Im- 
pressioim*  This  is  obvious  when  we  consider  that  Visceral 
Impressions  carry  with  them  no  tendency  or  need  to  evok| 
the  activity  of  merely  one  side  of  the  body.  So  fur  J 
Ibcy  pass  to  the  Cerebrum,  and  excite  the  action  of  *  organs 
of  relation,'  they  would  appear  to  act  only  through  the 

*  ''The  Human  Brain/'  Mai!-millaH''e  Mtifja::i)tr_^  Nwv,  J_" 
The  enme  vje^v,  it  appcurtj*  ivaa  put  forward  by  Dr.  Car|>eott3 
the  BnL  ^  For.  Med.  Chir.  Mevkv3  for  Oct.  184t>. 
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iiitermediation  of  impreBsions  from  the  Special  SonseB, 
the  centres  of  which  have  heen  awakened  nnd  rendered 
more  receptive  by  beiiifr  broufjlU  iuto  relation  with  diBtinct 
thou}j;b  *  unoaiiBcioLis  '  Yiscenil  Impressions. 

It  wonld  eeein»  indeed,  from  some  observations  wbich 
have  been  already  mode,  tliitt  iu  many  eases  of  Hemi- 
ftutesthcsia,  the  viscera  remain  at  lea&t  aa  tender  as  ever 
under  firm  pressure  upon  both  aides  of  the  body ;  and 
tliis,  of  course,  would  indicate  that  the  cerebral  channels 
for  these  improasiona  do  not  intermix,  in  the  rcf^ion  of 
the  *  internal  cjipsnle,'  with  those  of  other  niodeB  of  sen- 
sibility. 

And,  though  thoir  so-called  '  Centres*  may  also  be  dif- 
ferently situated,  it  is  pretty  certain  that  Visceral  Im- 
pressions must  either  radiate  into,  or  bo  brought  into 
intimate  connection  with,  some  jiarta  of  the  provinco  of 
each  of  the  Special  Senses,  since  they  all  so  fi-equcntly 
interact  iu  the  manner  ah'eady  referred  to*  The  inter- 
action does  not,  however,  only  take  place  in  one  direction. 
There  is  on  the  part  of  the  *  Sexual  Appetite/  as  Prof. 
Bain  points  oat,  "  a  many-sided  finHceptibiHty  to  inllam- 
mattou,  through  all  tho  senscB,  tlirouf,'h  the  trains  of 
thought,  and  through  cmolions  that  are  not  8enBations." 
To  a  IeB3  extent  a  eimihtr  '  inflammability  '  by  means  of 
sensorial  impressions  also  obtains  in  regard  to  the  'Ap- 
petite for  Food.' 
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WILL  AND  VOLUXTABV  MOVEMIIXTS. 

*'  We  find  in  ourselves,"  says  Locke  (1600),  "  a  Power  to 
he^n  or  forbear^  continue  or  ond  several  Actions  of  oaf 
Minds  and  Motions  of  our  Bodies,  barely  by  a  TbougU 
or  proferontrG  of  the  Mind." 

Hero  tho  scope  of  that  ability,  "which  goes  by  the  nftme 
of  '  Will  *  or  '  Volition/  is  clearly  enough  marked  out 
by  one  who  may  ba  styled  the  father  of  our  modern 
Psychology. 

In  regard  to  the  second  of  the  spheres  above-mentiooe" 
for  the  exercise  of  Will,  viz.,  its  influences  over  *'  the 
Motions  of  our  Bodies/'  Locke  ventured  upon  no  details; 
and  even  at  a  much  later  period  Hume  (1747)  was  still 
only  able  to  proclaim  the  complete,  and,  as  he  thonghtp^ 
hopeless  ignorance  which  rei^med  thereon,  **  The  motion 
of  onr  bodies/*  he  said,  ''follows  upon  the  command  of 
our  Willp  Of  this  we  are  every  moment  conscious*  But 
the  means  by  which  this  is  effected ;  the  enorgj  by  which 
the  Will  performB  bo  extraordinary  an  operation  ;  of  this 
we  are  so  far  from  being  immediately  conscious,  that  it 
must  ever  escape  our  diligent  inquiry/' 

Hartley^  in  his  **  Observations  on  Man/'  publish 
only  one  year  later  than  Hume's  '*  In<iniry,"  made,  Lo** 
ever,  some  valuable  and  very  sagacious  remarks  on  ibe 
causes,  modes  of  acquisitioni  and  mutual  relations  of  the 
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diflereut  km<ls  of  Movements  which  we  are  capable  of 
execuiicg.  So  ju&t  were  his  obserratious  thnt  they  still 
represent  the  basis  of  a;3r  knowledge  on  tbia  snbjcct. 

Hartley  sou'^bt  also,  thongb  with  less  success,  to  maks 
4  first  rough  classification  of  Movements,  from  tLe  point 
of  viow  of  the  mental  stute  or  process  by  which  they  were 
preceded^  when  he  said: — **  Of  the  two  sorts  of  Motion, 
yLz,,  Automatic  aod  Voluntary,  the  £rst  depends  upon 
Sonsatian,  the  last  upon  Ideas." 

This,  evon  apart  from  certain  necessary  fjualificatious 
which  Hartley  would  have  himself  assonted  to,  cannot  be 
regarded  as  a  very  correct  generalization.  Some  auto- 
matic actions,  Bucb  as  those  of  the  Heart,  Intestines,  and 
other  viscera,  are  due  to  '  unfelt  *  Impressioas  which  can 
scarcely  be  called  Sensations  ;  whilst  others  are  incited  by 
those  *  internally  initiated  *  feelings  known  as  Emotions — 
which  are  more  akin  to  Ideas  than  to  Seneatious.  Again, 
Ideas  are  sometimes  provocative  of  automatic  movementSp 
as  when — to  name  only  one  of  the  best  instances— a  ludi- 
crous Idea  impels  na  to  Laughter;  though  In  multitudes 
of  other  instances  it  is  perfectly  true  that  Ideas  are  the 
primary  inciters  of  Voluntary  Movements-  Between 
ihme  extremes,  moreover,  numerous  iBBensible  grada- 
tion s  are  to  bo  mot  wi th  ;  we  have  m o vcm e nts ,  for 
instance,  that  are  scarcely  to  be  termed  Automatic,  and 
yet  which  i>hysiologist3  have  also  deemed  desirable  to 
mark  oDf  from  the  category  of  strictly  Voluntary  Move- 
ments— as  they  have  shown  by  their  application  to  thera 
of  the  epithet  '  Ideo«motor.* 

That  actions,  which  are  at  first  Voluntary,  tend,  after  a 
time,  when  frequently  repeated,  to  become  truly  Automatic, 
Hartley  was,  of  course,  fully  aware.  It  was  he  who  first 
proposed  to  class  such  actions  as  *  Secondary  Automatic,^ 
in  opposition  to  those  of  his  *  Primary  Automatic  '  cutegory 


550 


WILL  AM» 


— iiicluiling  under  this  lutler  head  actions  vvhicL  tLo  in- 
tlividuiil  has,  from  the  first,  performed  automatically.  Hu 
endeavoured  to  formulate  some  of  the  grounds  for  dis- 
tingnishioff  Voluutnry  Actions  from  those  which  tire^  ^ 
he  Baj»,  "  to  he  t^steemed  Icsa  and  loss  voluntary,  Be~  ' 
Tohintary,  or  scarce  voluntary  at  all/* 

This  latter  suhject  waa,  however,  discussed  more  effec- 
tively, at  a  later  period,  by  Jamci*  Mill*  It  is  one  oi 
considerahle  importance,  Giuee  it  involves  an  attempt  U| 
diacovei"  the  real  natnre  or  elementary  constituents  of  that 
phaHc  of  Sliud  which  we  nnnio  Volition,  On  this  BuhjecL 
JaincB  Mill"  advances  the  following  opinions: — 

"There  appears  uo  circumstance  hy  which  the  cases  ca]]oil 
volnntary  are  diatinguislied  frc»m  the  irxvolnntary,  except  tbat  in 
the  vohintiiry  tlt^re  exists  a  DcAirR,  ^)ii*d(hn|^  tcnra  at  i\ie  h^ajiug 
of  H  tr:ijTic.  stor^r  we  do  not  desire  to  wet'p;  liiughirig  at  the  tuci 
of  a  comic  Htory  we  do  not  desire  to  lautfh.  But  wbcn  wa  aUia 
the  arm  to  ward  oflf  cl  blowj  we  desire  to  lift  the  arm ;  wlicu 
turn  the  head  to  htok  at  aoinc  ultractive  object,  we  dpbire  to  mo 
the  hi*ad,  I  beliove  that  wo  case  of  vohiritary  action  can  he  men\ 
tioned  in  wht<;h  it  would  not  be  an  oppropriute  expresaicm  to  cali 
the  action  '  desired.' " 

If  thore  ia  interpolated,  therefore,  between  a  Sensation 
or  an  Idcrtj  and  the  Movement  which  it  may  evoke,  a 
fueling  of  an  emotional  order,  known  as  Desire,  a  move' 
mettt  which  would  otherwise  have  been  dcBcribed 
*  Sensory-motor  *  or  *  Ideo-motor/ becomes  entitled  to 
known  as  a  Yoluntury  Movement. f    This  is  the  first  a 

*  "  AnalyMH  of  the  Hamaa  Mind,"  1830.  p.  27^K 
t  Hartkj's  view  was  very  similar.    Ho  sajra:— *"Tho  M'l 
app^^ars  to  be  nothing  but  a  desire  or  avoraioa,  aufficicntty  sLro 
to  produce  an  actlou  that  is  not  autoniatic,  primarily  or  tjecondnri 
......  The  Will  is,  Iherelbre,  that  deaire  or  aversion  which 

strongeat  for  the  prenent  time."  "Which  mental  mood  is  to  prcv 
is  aometime«  im  mediutely  settled,  and,  at  other  times,  only  after 
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jaost  important  distinction  drawn  by  James  Mill.  But, 
the  same  philosopher  afterwards  points  out,  sometbiug 
else  accompanies  or  immediately  followa  the  emotion  of 
Desire — viz.,  an  Idea  or  Concep(io)t  of  the  kmd  of  ^It/ve- 
ment  needed  for  the  gratification  of  the  Desire* 

It  Becms  gcnerftlly  admitted,  therefore,  by  the  philo- 
Bopberfi  above  quoted,  as  it  is  by  others,  that  the  motions 
of  our  bodies  are  begun,  continued  or  ended,  tas  Locke 
put  it,  "barely  hy  a  Thoiif;rht  or  preference  of  the  Mind*" 
ImpresBioDB,  Sensations,  Kniotious,  Thoughts— these  are 
le  mental  statoa  which,  Bingly  or  in  combination,  ara 
followed  by  Movements,  As  to  any  details  pertaining  to 
their  incitation  and  actual  aeeomplit^hmeut,  little  or 
nothing  more  is  known  with  any  flegree  of  certainty. 
AVriting   in   1830,*  James  Mill   said:   "Wo  do  not 

Iundtrtako  to  eay  what  physical  linka  are  between  the 
Idea  and  the  Coutrautiou,  any  more  than  between  the 
Bensation  and  Contraction.  The  Lha  is  the  Inst  pari  of 
uie  Mental  operation,'' 
f  Iff  howeyer,  this  be  really  bo,  if  beyond  the  mental 
states  or  processes  ahovo  enumerated,  we  have  in  Volun- 
tary Acta  mere  phyi^ical  changes  in  nerve  and  muscle,  aa 
Hume  and  Jamea  Mill  averred,  there  is  the  less  reason  for 
suqjfifie  that  some  philosophers,  such  as  Dugald  Stewart 
and  Dr^  Thomas  Brown,  should  have  deliberately  omitted 
to  discuss  '  Will'  as  a  distinct  section  of  nor  Consciona 
Life.      To  know  all  our  sensitive  states  or  affeetioua/' the 

cess  of  Deliberation,  audt,  concerning  this  proceas,  Hobbes  sayb: 
The  whole  sum  of  desires,  averaifma,  liopea  uiid  fears,  CLintinucd 
till  the  thing  he  either  done  or  thought  imposeiblep  is  wliat  we  call 
Th-lihnrfttlon,"  ......  "  Appetit^?,  theroforc,  and  aversion  are 

Himply  Btj-callpJ  aw  long'  as  they  fuUow  not  tlcliheralion.    But  if 
deliberation  have  gone  Ijcfore,  Uieu  the  last  Bxt  of  it,  if  it  be 
appetite* is  called  u-ill,'  if  oversioiii  unmiUinfjm'es" 
♦  Loc  cit.  11,  p,  206. 
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Litter  Bays,*  **  all  our  intelltctual  states,  all  our  EmotioOA, 
ia  to  kuow  all  tbe  states  or  phenomeDa  of  tho  ^liud." 
The  precedence  of  one  or  other  of  these  subjectivo 
phases,  or  of  compoand  conditions  derived  thcrt^froiD, 
would  correspond,  &s  he  thought,  to  what  we  know  as 
*  Will.'  Beyond  these  sabjective  pha&ea,  wo  should  pass  in 
the  execution  of  Voluntary  MoTcments  from  the  sphere  of 
psychology  into  that  of  physiology  pure  and  siiuple. 

The  distincloesa  of  the  Idea  or  Coticflption  of  the  More* 
mcnt  (which  we  shall  presently  find  to  be  of  compkt 
origin),  one  of  the  Conscious  Components  of  a  VoJi- 
tion,  will  be  found  to  vary  much  with  the  degree  of 
fiimiharity,  or  ease  of  execution,  of  the  Movement,  And 
in  this  latter  respect^  of  course,  all  gradalioBS  exist  be- 
tween the  simplest  kinda  of  Voluntary  MoTenient3  and 
those  of  the  most  complex  order> 

We  may,  for  instance,  *  Toluntarily  *  perform  some  more- 
ment  which  frcqneut  repetition  has  already  made  easy, 
but  which,  for  the  most  part,  we  now  perform  '  auto- 
matically.' The  fingers  of  a  sleeping  child  may  close 
oyer  an  object  gently  bronght  into  contact  with  its  palm; 
or  when  awake  the  child  may  excite  a  similar  movemeoi 
yoliintaril)'.  An  object  brought  close  to  tbe  eyes  may 
cause  a  person  to  wink  iuyoluntarily,  but  ho  is  also  capable 
of  performing  the  same  act  in  a  volunlary  manner.  Wo 
may  lift  the  arm  instinctively  to  ward  ofi'  an  impending 
blow,  or  we  may  raise  it  in  the  same  manner  voluntarily. 
In  all  such  cases  tbe  Idea  or  Conceptiojt  of  the  i[fovement 
vecdi'd  scarcely  obtrudes  itself  at  all  as  a  conscioui 
element  of  the  'Volition';  this  is  apart  of  the  process 
which  has  here  become  more  or  less  latent. 

But  in  the  other  more  complex  category  of  Votuntary 
*  "Philoftopliy  of  the  Human  Mind,**  I*ect. 
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Actions,  efibrtB  are  luaJe  to  pej-form  some  new  combina- 
tions of  Tnoveraents,  the  complicacy  of  wbkh  renders  them 
at  first  very  difficalt  to  execute.  This  is  the  case,  for 
instance,  when  a  child  is  learning  to  write,  or  when  a 
youth  is  learning  to  dance  or  to  play  upon  some  musical 
instrument.  In  every  such  case*  some  Idea  or  CoKccp- 
tion  of  the  kind  of  Movement  needed  is  to  be  recog- 
nized as  a  more  or  less  dif^tinctly  conscious  component  of 
the  'Volition  *  in  question, 

Wiiet)  commeiicitig  a  Volyjitiiry  Movement  which  we  have  ofka 
prcv-ioualy  executed,  wo  iiiitiute  it  with  certain  pre-dLtonnined 
qualities  aliDost  iiituiilvcly  giv^a  to  it,  and  yai  iii  tlic^  selL'clioti  o£ 
wliich  wa  are  evidently  guided  by  past  exporience  and  education. 
A  »iti}p]e  ca.se  will  illustrate  thia.  I  know  tliat  objectB  having 
certain  vtmtul  characters  have  naually  given  me  certaiu  impTosijiunej 
of  *  weight'  and  *  refciatiiuce*  whca  1  have  previously  handled 
Ihem  J  and,  therefore,  thie  previous  espenenceeuahloB  me,  on  seeing 
euch  an  obji'Gt  aguin  and  detsiring  to  handle  it»  to  conjure  tip  a 
'conception  '  of  the  Moventent  needed,  whtchj  though  it  may  be 
very  indistinctly  realized  in  ConaciotiBnesfi,  en^ibles  ine^  in  &oiDti 
way,  to  give  the  Volitioniil  Act  ita  necessary  quahticationtf. 

Thifl  power,  partly  instinctive  and  partly  a  vtault  of  individual 
education,  has  been  made  the  subji-ct  of  much  my&tiJicittion. 
Some  aaciibe  it  to  a  '  locomotor  inijtinct,'  pure  atid  Kiniple,  and 
thereby  ignore  the  fact  that  it  is  a  power  the  manit'ejjtutioa  of 
which  ia  greatly  regnlaled  by  individual  education.  8otite  appeal 
with  vague  gravity  to  tlie  iiiten'tntion  of  what  they  term  •  rnutor 
intuitions' — meanings  therehyj  something  pertaining  to,  or  having 
their  origin  in,  the  Motor  Centres  ahoiU  to  be  called  into  activity, 
bat  which  yet,  beforehand,  in  some  way  hdp  to  determine  tho 
Mode  of  their  own  activity.* 

•  There  are,  in  all  pro^Mibility,  in  Motor  CentTev  multitudes  of 
di^erent  combinationB  of  ceIl>aud*tibrQ  connectiouB  which  have 
been  gradually  established,  and  through  tlio  agency  of  which  Yolj- 
tioDul  locitiitiona  may  be  netcsaanlij  diutribnted  along  certain  *  out^ 
going '  Ebre«,  so  aa  to  eall  into  activity  in  delintte  modea  particu- 
lar grnnpH  of  Mugclea.    There  seernii  no  good  reaaan,  however, 
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James  Mill  held,  with  mora  show  of  reason,  Utat  what  have 
commonly  terDieJi  *MascuIar  Sense' impressions  iiiterveD©,  anJ  t"Oin« 
into  jnUit  operation  iia  determining  agents,  at  a  stage  immcdiatelj 
posterior  to  the  Conception  above  refcrrtid  to,  and  antprior  lo  tb« 
ftctanl  occnrreiice  of  the  Volmitnry  Movement,  If  we  substitntQ 
for  those  so-culled  '  musciiln.r  et?nHe' impreuBioiiB,  oar  KinR^theti& 
Impressions,*  wij  moy,  on  fiuch  broader  termsj  adopt  this  view  of 
James  Mill  fib  fairly  tyjtifying  the  probable  mode  ol'  excontioa 
or  rather  order  of  procesiies  tuvoWed  in,  the-  initiation  of  Voluwtary 
MoTemeBta. 

The  aaine  parts  of  the  Bruin  as  are  called  into  play  for  th« 

initiation  of  any  aet  of  Voluntary  M.>vementa  would  pT\-ihably 
remain  in  iietivity  during  the  continuance  of  such  inov^meDt^ 
thouy-h  perhfips  not  exfictly  in  the  snme  relative  pro[iortion§,  Tbv« 
an  *  iileul '  ret^all  or  *  conception  ^  of  tha  seasory  qoalitiea  of  th* 
Movementa  needed  operates  as  the  starting  point,  enabling  the  indi- 
vidaal,  from  an  already  exiating  and  in  pnrt  inatinctive  basifi,  to 
determine  hoio  to  act  and  itfltat  farce  cjn^h*^ ;  whilst, daring  the 
continuance  of  the  Moveraenta,  he  would  be  also  partly  ii]^)uetic<ed 
by  actnal '  fien*ationa  *  realizing  thenisclvea  in  lh<?  same  purta 
the  Brain,  and  telling  him  haw  ht'  tn  aciiucf  and  lehnf  forcr.  he  \ 
etnplvifinQ.f  Yet  in  the  two  caaee*  the  relative  amount  of  Hctivit_ 
of  the  sensory  centres  concerned  may  not  he  ef^naL 

ThnH,  if  we  anppose  the  centres  specially  called  into  activity  u 
guiding  centres  to  be  the  Visual  and  the  KinseBthetic,  tt  may  be  that 
the  former  has  the  domiuating  influence  in  the  production  of  tha 
initial  Conception;  whilat,  during  the  continuanr-e  of  the  Mov^ 
menta*  impresmons  impinging  np>n  the  Kina^Bthetic  Centre*  may 
in  their  turn,  have  a  more  jinti-'nt  guiding  influetice.  If  n  perso" 
should  attempt  to  lake  from  a  tiibSe  a  small  bundle  of  cottun  wool 

why  any  such  orgiLni^ntionSt  or  rather  the  functional  activity  of 
Buch  organizations,  should  be  epf»ken  of  as  *  motor  tntuitiuna,*  or 
why  theae  should  be  deemed,  oa  Dr.  Maudeloy  eayn  t**  Physiology 
and  Path^ilogy  of  Mind,*'  in  Chap,  on  '  Molcir  Centres'),  to  con- 
Btitute  an  "important  motorial  region  of  mental  life"— whuKMrea 
that  may  tn*;flii.  Dr.  Mandsley's  viev^  s  on  this  subject  do  not  seem 
to  be  very  clearly  renliKabtet  thon^h  hia  Chapter  on  'Voliiion* 
19  extremely  ^ood  and  free  from  all  ambi^iity. 
•  See  p. 

•f  See  Appendii. 
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Into  th«  middle  of  whtcb,  unktiowQ  to  him^  &  beavy  l4;&den  weight 
had  been  introiluooO,  Ivia  initial  dotermiiiatinn  of  Uie  MoTomt'nt 
de4?ined  to  be  adequate  would  need  ri*ctilicatitin,  arid  in  such  a  caso 
it  would  certainly  be  rectitiod  ia  the  mam  at  the  instigation  of 

Hitherto  relci'encie  has  heen  tnadfl  to  the  dmpk-r  cla&s  of  Volun- 
tary Mgvunneiita— to  those  in  which  the  raovvtuente  theniselvee  are 
familiar  or  eii»y  of  eseqiition.  But  where  the  movcmentB  which  it 
is  dtisired  to  execute  arc  complex  and  diflioiilt»  and  we  have  to  Icam 
them  by  Imitstion  of  the  HinvcmeTits  of  other  persona,  the  scubo 
of  iSight  is  tln-n  doubly  brought  into  p?ay-  It  h  nt'ceBsary  at  the 
commtfucenientt  and  during  the  contmuance^  of  our  eflbrts  to 
copy  HMch  movemoiits,  to  look  alternately  at  oitr  model  and  at 
onr  owQ  moving  mumbm.  A  long  time  and  much  pmctioe  is,  in 
frtct,  refiiiirL^d  bofore  a  peraon  learning  to  dance,  or  to  play  Dpon 
Boroe  uitiaical  iimtruinont,  is  abk  to  execute  either  of  tln^Eie  actions 
without  the  aid  from  moment  to  moment  of  guiding  Si^dit  impres- 
Btona,  "In  learning  to  dance,"  as  Hartley  fiuys*  "the  scholar 
desires  to  look  at  Wia  feet  and  l^gs^  in  order  to  jndge,  by  seeing, 
when  they  are  in  a  proper  pos^itioTi,  By  degrees  he  learns  to  jndge 
of  this  by  feeling;  but  the  viMiUle  idta  Ji-ft.  partly  by  th^  view  of 
hia  master's  motions,  partly  by  that  of  hia  own,  soems  to  Ij*  ihe 
fhief  ttfi$or-}aled  ciivantsfaiice  thai  introihices  the  p^'Ctpcr  viiftione  ** 
During  the  process  of  leiirning,  therefore,  tho  Visual  Centre  eri- 
dently  exercises  a  doiniiiutin^  induence. 

In  time,  howover,  the  impressions  pprtuining  to  the  *  Sense  of 
Movement'  (which  are, of  courae^  always  to  some  ejtteot  associated 
with  those  of  Sight)  become,  by  way  of  their  organised  channels, 
Biifiiciently  fre^jly  associated  with  them  and  with  the  newly  organ* 
biing  '  motor  *  nerve  channels  nnd  mechatJismsT  to  permit  the  Move- 
ijients  we  have  been  prnctisiitg  to  be  performed  under  the  immediate 
guidance  of  Kiniusthctic  Impressions  only— without  further  neces- 
sity for  u  cotijoint  direetion  throngli  the  benso  of  Sight,  As  Jaccoud, 
however,  points  out  [Lps  pitrnpl^tjhs  ct  Vnfaxicj  p*  601)  Ilia 
Bcnsorrnm  requires  to /cam,  in  the  first  inetancft.  what  oonditions 
and  positions  of  the  moving  parts  are  reliited  to  such  and  snch 
tactile  and  other  impressions  coming  from  t.hem,  And  thus  it  id 
only  at  the  termination  of  this  iipprentioeship  that  it  isenabledto 
conclude  directly  frani  Rimustbefio  ImpreiistouH  as  to  the  precifio 
conditions  of  the  moving  parts-  This  process  of  education  can  only 
proceed  correctly  by  ruason  of  the  comparisons  which  we  are  accus- 
tomed to  make  from  moment  to  mument,  between  the  positions  and 
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niDv^nicnta  of  the  limbs  ^  reveaWd  to  Sight,  and  the  sum  total 
of  KinGCBtLicUc  TmpresslouB  shi^ultanconaly  rcct^lvi^Lt  from  the  muds 
parts. 

Thta  kind  of  education  t>erng  once  t>onip1eted  in  regard  tu  unj  par* 
tii-nliir  Movemeuta,  tiie  knowledge  sabuequeotly  di^rivulile  Uiroo^b 
the  Kinfeathetic  Ceutre  becomes  as  real  and  as  capable  of  pa«Min}; 
ovor  into  appropriate  actioa  h.s  that  previously  comiog  iliroiigk 
the  Yiaital  Centre.  Thereafter  it*  irapreHsions  alone — even  when 
they  very  im perfectly,  or  not  at  all,  rouae  our  Coo&cionenos  of  tliei 
existence — etifhoe  to  inform  ub  (that  is,  euSce  to  excite  the  proper 
Corcbral  *  centres'  in  ways  Jeiinitdy  related  to  different  puflitions 
and  l^jnsionB)  a3  to  tiie  eaiact  position  of  our  lirolis,  and  as  to 
the  nature  and  decree  of  their  Movements.  It  is  by  KiusDiiheiifC 
ImpreBsions  that  we  are  afterwards  continually  inatracted  aa  to  lbs 
qnalitiea  of  the  Movements  actnally  prtj^iiu^'d ;  throngh  them  w« 
know  whether  to  coutinoe  with  our  present  mode  of  aiilion,  of 
wlt^ether^  the  b<>tler  to  att-im  the  dusired  end,  the  quality  of  Lha 
'Volition  'ahonld  be  altiTed.  And  if» during  the  eieculionof  a  com- 
plex Movement,  any  alteration  should  he  deaired  in  respect  to  one 
of  iia  'voliLlonaK  qualities — that  is,  either  as  regards  the  Btrenglh«. 
the  mpidity.  the  direction,  or  the  contiouance  of  one  of  its  ootn-* 
poneiit  motion  B,  this,  "barely  by  a  Thought  or  preference  of  the 
Mind/'  can  be  immediately  ctTected^  though  the  great  luujorily  of 
mankind  would  have  uu  knowledge  whatsoever  of  the  nature  and 
du'gree  of  the  individual  chanj^ca  brought  about  in  the  actions  of 
the  ditferent  Musfk-a  eoncernud. 

The  mode  of  acqni^itian  above  indicated  fieema  vn.'U  to  acco 
vrith  our  other  interests  and  with  the  dady  necesBitics  of  onr  Llfs^ 
The  mnm  of  8ig^ht  greatly  facilitates  the  procesB  of  learning,  and 
its  vivid  irDpreasionB  Bpeedily  enable  the  ^  scaagnani  *  to  appretlst« 
aright  the  meaning  of  the  more  vague  and  occult  sinpreBsiant 
coming  to  it  stinulluneonsly  through  the  '  aense  of  Movement.* 
Soon,  however,  the  Vimial  Senae^  which  we  need  for  so  many  other 
important  pnrposeat  no  longer  requires  to  br  concentrated  merely  go 
tbi^  performance  of  Movementa.  X^nter  still,  onr  ^attention*  or 
Conyciousnesa  becomes  further  freed  from  disturbing  detaila  con- 
nected with  Muvementa.  The  p^jsaibly  conacloua  impressiona  per- 
taining to  the  'aeni^  of  Movement'  at  last  habitually  para  an* 
heeded,  and  then  we  come  to  perform  ntnltttudea  of  tltulj  actkmi 
under  the  guidance  of  mere '  unconscioui '  KinEeathetic  ImpressiooB. 

ThuB  the  working  of  the  *  motor '  side  of  our  complex  nervoua- 
mechaniBin,  even  when  it  ia  coucernedi  in  exi'cating  the  behests  of 
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*  Will,'  prof^eds  bo  fitnooibly,  and  ie  practically  so  roiiuh  unheeded 
ti»  to  Icitve  ns  fre«  to  follow  np  tlie  threada  of  oar  Oonseious  Life 
unhindtTed  by  the  niultituuinous  dctaila  pertidnirtg-  tn  the  varying: 
ilates  of  innuraem'ble  Musdes  nctinjs;  in  ever-clionprn^  combina- 
tions. We  rany  truly  be  tlmnfcfnl  that  we  tave  ngt  in  reality  any 
Bdch  'muMultir  sense,'  as  aome  pBycholngista  imagine  for  IhetU" 
selvca,  and  that  even  m  Yoluntary  Moycmenta  the  Mind  knows 
nothing  concerning  the  Nervea  or  the  Mpscles  by  the  inlerpchtiou 
of  which  the  proceBses  are  accomplished. 

From  our  own  individual  experience,  as  i^ell  as  from 
what  has  been  above  set  forth,  it  would  appear  ohviona 
that  careful  practice  alone  is  needed,  in  order  that  pre- 
viously strange,  difficult,  and  complex  Movements  should 
be  capable  of  being  performed  with  ease  ;  and  that,  after 
&  time,  during  the  process  of  learning,  firat  the  '  Concep- 
tion ^  of  the  MovemoDta  needed,  and  subserjuently  the 
J>csirc  ivhieh  originally  prompted  to  their  execution,  may 
alike  vanish  as  couKcIouft  stutea  by  which  they  are  neces- 
fiarily  preceded,  "When  this  latter  stage  of  perfection  has 
been  ncbioved,  the  actions  previously  *  Yoluntary,'  in  the 
strictest  sense  of  the  term,  become  promoted  to  the 

*  Secondar}'  Automatic  ^  category,  since  the  occuircnce  of  a 
SenBation^  an  Emotion,  or  an  Idea  may  be  immediately, 
and  without  the  intervention  of  any  other  conscious  state 
whatsoever,  succeeded  by  one  of  the  potnplex  Movements 
in  question.  Thus  Movements,  the  possibiJity  of  perform- 
ing which  has  been  slowly  and  with  so  much  difficulty 
acquired  by  the  individual,  have  novv,  in  fact,  become 
almost  as  easy  for  us  as  sucking,  swallowing,  coughiug^or 
any  other  of  those  '  Primary  Automatic  *  actiuns,  the  power 
of  performing  which  was  born  with  us— an  inheritance 
from  untold  generations  of  human  and  other  ancestors. 

In  many  cases^  indeed,  there  is  good  reason  for  belie?- 
ing  that  the  alliance  between  '  Primary  Automatic  '  and 
6ome  '  Secondary  Automatic '  actions     even  more  funda- 
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mcntd  than  has  hcen  above  irulicatcJ.    The  reasons  Tor 


this  opioion  must  be  set  forth  io  detail. 
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The  Mechanisms  far  Primary  Automatic  Movements, 
and  their  Modes  of  Origin. 

The  nervous  Cfmncctions  teproaeiitalive  of  a  certain  numW  of 
MoTcmeTits  wbich  Imve  bcea  commooly  performed  bj  tbe  prewnl 
and  matiy  past  gen^ratiiinR  of  any  race  of  animals  exist  in 
organized  condition  in  the  Spinal  Cord  and  Medulla  of  soch  anint 
Thej  are  represented  bj  the  development  of  certain  cell-acid 
connections  in  the  anterior*  or  wimt.  are  known  as  the 
roHi'***-'*  of  the  Grey  Miittei'  of  theniie  [larlia — aoch  mechanism 9  being 
in  continuity  in  front  with  the  roots  of  'outj^oing'  nervea,  and  ia 
relation  behinj  with  groui^s  of  smalkT  nerve  cells  with  whicli  tbd 
*  ingoing*  nerves  of  the  posterior  rcxita  are,  tn  their  turni  iu  soniesofV 
of  structural  relation.  It  ts  aloLi^  these  latter  channels  that  the 
Bensory  Impreasiona  pnntipting  to  the  Movenient-a  of  which 
have  been  sijeaking  reach  the  Spinal  Cord  or  Medulla.* 

Many  of  the  correaponding  ^onps  of  *  motor*  Cellar  gilaatM 
the  eame  level  iu  the  right  and  left  halves  of  the  Cord  ami  Medutlo, 
arc  intimately  connected  by  transTerae  'coinmisenral '  fibres— in 
fact,  wherevtT  joint  acUou  of  the  nerve  units  on  the  two  aide*  is 
m  matter  of  commoti  occurrence  (fig"-  l^K  o  0*). 

Many  of  the  groups  of  motiir  cella,  ut  different  levels  of  the 
cord  arc?  also  contiycled  with  one  another  into  single  OT-innUiple  co 
btnations,  by  louB-ltudinaL'eotninisgura]  *  fibres  wboso  length  vari 
aecording  to  the  dlalanre  apart  of  the  cell  groups  thus  uiiiteil  fi 
conjoint  activity.    These  lanffitudinal connecting  Bbres  ofdiffere 
lengLbsi,  as  they  pas*  from  coU  gronp  to  cell-groap,  hiive 
aacertained  (on  the  bnaia  of  clinico-pnthologicul  eviJeuco  anfipli 
by  per»0Ti3  suffering  from  spinal  disease)  to  travcriw^  in  pwrl  at 
least*  the  'posterior  colnnidB*  of  the  Cord. 

Bilateral  groups  of  these  cellp,  esiating  at  Tarioue  level*  in 
two  •  anteriur  oornua/  though  diHt-ring  much  from  one  another 
the  mimber  of  the  niiitu  involved  and  in  the  width  of  the  arva  ov 
which  they  arc  diKtriLntcd*  are  coBceivtHl  to  be  the  Spinal  a 
Mfiluthiry  NervoT^a MecbaniumB  needful  for  the  execution  of  av 
muiutude  of  Reflex,  or  Primary  Antomatic  Movements^  aUo  of  all 
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dt'grpc*  of  coinpkixitj.    It  ia  probably  bccartse  tliosc  Aeveml 
und-libre  niechanisnis  att)  flo  perfect  in  thoir  arrangeiuertt,  UiJit 
each  ot)e  of  the  Movements  in  question  ia  cai>able  of  being  evoked 
with  machiue  like  lugularitj  in  response  to  appropriute  vtiiuuli 
imjnnging  upon  and  passing  Ihnoagh  them.* 

Th<! '  mechaaiania  ^  for  the  prcKluctiun  of  nianjr  of  sucli  MoTomenta 
may  liave  been  ori^innllj  devBloped  far  back  in  tbe  blstmy  of  oar 
rncQ  or  of  aiitec&dcrit  races.  Xtut  othere  of  them — those*  for  Id> 
stance,  which  are  concerned  in  the  acts  of  Deglutition — howevrr 
mucli  \h&y  may  have  been  from  time  to  time  modified  in  detail, 
nitist  lave  bicti  origiimlly  ori^atiixed  in  creatures  iW  combtDwlion 
of  whoee  vague  e^orta  and  dipsires  would  scarcely  be  couaidertnl  to 
prcwltice  anythinjf  like  what  we  know  as  *Volilioia-'  In  all  prob- 
ability Buch  fcelirigft  and  the  power  pf  concentraling  Ait^niion, 
which  ia  their  indispensable  correlative,  only  gmdually  attain  to 
thti  degree  of  premion  and  intensity  of  which  we,  as  hiimau  beingv, 
are  conscious.  This  would  probnbly  be  concedifd  by  alJ,  and  if  w 
it  must  be  concUidcd  tlint  the  ori^^nic  nervouA  baaee  of  many  of 
the  Primary  Automatic  Movements  of  higher  animals  hiive  hud 
their  origin^  or  have  come  into  beinty,  indcjicmlently  of  atiylhing 
like  such  an  agency  as  that  whiuK  we  know  as  '  Vuhtion.' 

Thufl,  the  further  back  wo  go  in  the  aninni!  »«rien,  the  mors 
vHgue,  in  all  probability,  would  be  the  influences  prompting'  to  new 
developTTienta  of  Ncr^'cTiRsne  which  coald  be  ranged  under  the  *  Vo- 
litional *  typt?,  and  the  more  we  BhouUI  be  compi'lled,  if  »ve  strive  to 
Karn  the  causes  of  such  new  developmcnta,  to  fall  back  npoii  /Aojtf 
obnmre  bu.i,  w^nrthHesSt  pofwil  oritjinal  tetide^tcieti  or  efniditiont, 
tmder  the  infiitpnce  of  tohich  thejiret  rudhtventfinj  Nerve  KUymtntt 
heeanie  denelnped  in  tlie  ti$sne8  of  lower  Organifun^  ip.  l&l 

This  mere  organic  nm«,  or  set  of  vital  conditions,  favonrin|f  Iho 
first  differcntiution  of  Ncrroui  Tisaoea,  wonlJ  probably  continne  to 
act  as  the  most  potent  influence  fifoverning  all  future  phasra  of 
their  development — thongli  it  Bceme  evident  that  anch  develop- 
mentnt  proclivitiesp  even  in  the  Spinal  Cord,  are  capable  .of  being 
fjivouri'd  in  some  myaterione  manrier  by  Cerebral  Iwflnenco  when 
'  Volition  *  is  strongly  exercised— that  is  when  a  »engoriulIy  active 
Brain  is  dominated  in  snch  ways  as  to  be  productive  of  certain 

*  That  Hartley  (1748)  distinctly  realized  and  foresaw  the  natniv 
of  what  we  now  term  *  KeUex  Actions,'  seems  evident  £n:im  &  pas- 
eage  in  liis  "  Observationa  on  Man,"  Prop*  iviii* 
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Desires,*  and  further  influenced  in  certain  o&rrektiTC  tract*  l>y 
mode  or  degree  of  activity  which  on  its  eabjective  side  wo 
It' Attention.' 

1 


Deferred  Primary  Automatics  MovemenU, 


Mach  difTercnce  exiaU  among  different  AnirnaU  aa  to  the  dc^Teo 
of  ptTfeclion  a€ the  time  of  hirih  of  these  inlierited  ceH  and-fibm 
coittie<!tiotjai  and,  therefore,  similar  dififerencea  exi^t  among  such 
Animals,  in  rtigiird  to  their  power  at  birth  of  eieculinj^  thfi  Hev'erat 
Movements  with  which  aufih  Nervous  Mochanisma  arc  in  rcUtion. 
Thus,  in  some  Birds  at  the  time  of  their  emergence  frciin  the 
g,  and  in  soimis  Quadrup^^di^  at  birth,  muuh  of  the  nervoua 
ochaiiiaras  concerned  with  Autotnatic  Movements  habitually  per- 
rmed  by  irnch  cfeatarcSf  arti  so  far  perfected  that  thoae  animula 
Ve  capablt^  almout  at  ouce  of  performing  tUt^  most  complex  Movo- 
meata — without  in  any  ivay  requiring  to  'learn'  how  to  execute 
thera.  The  experimpiitB  of  D.  A.  Spaldiag'  with  Chickeiia  and 
younj;  Pi^s  have  reviialed  intereating  facta  iu  lilu^tratioa  of  lliia 
pa^^ittou  (Hee  pp-  188,  229). 

Hany  instaucca  of  an  opposite  character  may,  however,  be  cited 
|»-caBeB,  that  is,  in  whii:h  at  the  time  nf  emergence  from  the 
or  at  the  tiioe  of  birthp  other  Birda  or  Mammal:;  are  in  a  much 
]e»a  nmtniu  state  of  devclopmeut.  and  in  which  thfir  iwwera  of 

I executing;  cotnpli^x  Movements  of  a  similar  order  are  uotaUIy  leaa 
kdranced. 
[  The  young  of  CainLriea  and  many  other  birds,  for  itiatanc^, 
iemiiin  for  ten  days  or  a  fortnight  unable  to  feed  tbemflelveg  or  to 
walk,  and  tli&y  may  continue  for  nearly  twice  this  time  unable  to 
fly.  But  this  backwardness  in  power  of  executing  auch  Move- 
menttj,  id  obvioiiaiy  ouly  one  of  the  aigna  or  accompaniments  of 

Itineir  genemJly  backward  condition  of  deTtlopmcnt.  A  bird  can  no 
iDore  lly  without  the  aid  gf  properly  devuloped  internal  Nurvona 
ICechunitjniQ  than  wlthont  wing-featherij,  and  the  one  aet  of  fjtroc- 
Brea  are  probably  almost  as  abortive  aa  the  other  ia  young 
Uanariea  and  in  the  yonng  of  other  birds. 

The  performance  of  m^iny  Movementa  that  are  *  primarily' 
Automat ii:  in  the  Chick  and  birds  like  it,  arc,  therefore, 
deferred  in  Canariea  and  their  alliea  till  aiudi  times  as  the  related 
nervous  and  other  mechaniBms  have  had  time  to  develop.  Ground 
ia  thtia  given  for  the  HUpposilion,  commonly  cutertaiaeJ,  thut  auch 
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rreiiltires  have  to* learn  *  bow  to  perform  these  Movemeiiia — wlilcb. 
if  true,  would  make  it  noc^fAsarv  *o  clas-iify  tJjem  aa  '  aecoti^iLry* 
rutWr  than  'pnmary'  Automatic  Mov^cmeiilg. 

Tbe  valuable  expenmeut«  of  ^paltltJig  with  yonng  Swallowf  atij 
ffther  birdd  that  emcrgo  from  the  egg  ia  an  immutiire  condition 
have,  hcfwever^  shown  that  in  them  the  miLnifeetation  of  *  primary ' 
Automatic  Movements,  dependent  upon  inherited  Nervous  Mecha 
iiifim?,  ia  merely  deferred  till  the  time  wheo  tuch  deTplopnienti 
have  heen  achievt?*!— and  that  then,  withont  any  pn>ceM  of  '  le&m- 
ijijr,'  the  Movements  are  readily  capable  of  being  evoked  ip,  23*>). 

The  helpless  e^^ndition  of  the  infant  Montey  and  of  th©  Hnmun 
Infant  at  birth  are  simtlarly  to  be  ascribed^  in  great  part,  to  the 
immature  condition  of  their  (jr^nt  Kerrons  Centres  at  thi«  perini). 
Many  of  the  Movement*  whtch  they  elowly  '  U-am '  to  perform  art 
doubtlesB  rendered  poaaible  by,  and  aoqnirtJ  coiricidenlly  with,  tkA 
arlaal  dovclopme^it  of  those  nerve  cdin  und  fihree  in  the  Spiu*il 
Cord  and  Mf^ihtUa  ichtih  arc  {tittrHmmtcl  irt  th'f  rjr^ctttion  of 
MoremenU,  Thua,  when  we  say  that  the  young  child  '  learns '  to 
perff^iroL  the^e  movements,  it  should  be  undert«tood  that  this  word 
18  here  applicahlo  only  in  a  very  qnalifieJ  sense.  Its  vBgneefftM* 
w*rve.  perhaps,  merely  ag  incttations  tending  to  arouse  or  perf<?i-t 
the  already  existing  [bccaose  inherited)  tendencies  to  development 
of  certain  Motor  and  other  Jferve  Centrea— of  mechanisnia,  that 
is,  which  in  many  other  creatures  have  reached  their  full  term  of 
development  by  or  almnat  immediaUjly  aftyr  birth. 

But  for  the  esistencfl  of  this  organic  nigu^^iu  the  form  of  an 
tnhented  tendency  to  develop  in  certain  modes  and  direotioDB)  the 
Human  Infant  coatd  never  so  readily  a»  it  docs  aoqnire  the  power 
of  esecnting  the  eiceaaivdy  couiplex  Movements  which  «r«  eon* 
oemcd  in  Standing,  in  Walking,  or  iei  Articulate  Speech  (ae«  pu  607^ 

Eelations  of  Voluntary  and  Automatic  Movements. 

The  complei  movements  last  referred  to  being  aome  of  tlio  most 
typical  of  the  'secondary'  Automatic  Movements  of  Harllery,  tba 
tihovQ  considerations  will  Btiffi<.^e  to  show  that  many  uf  tboM 
hitherto  placed  in  this  category,  are  bnt  *  primary'  Antoanatie 
Movrmentfi,  tha  [jower  of  executing  which  ha>^  been  somewhat 
deferred,  Pr^vioufdy,  the  guiding  influence  of  Volition  hu  been 
iiupposed  by  many  to  l>e  principally  instrumental  in  enabling  the 
child  to  execute  them,  whilst  here  it  is  contended  that  their  acqni«i- 
tiun  by  the  tndividnal  is  much  more  largely  depeadent  upon  the 
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ffmdaal  devebpracot  of  Inhpritsd  Nervous  Mechanisinfl — duoto  tlte 
vacceBftivo  education  of  many  jirt^cpding  generations.  Tbcy  are 
clearly  not  new  Mavcmeut^,  acquired  arreeh  by  each  iodividuaK  aa 
-would  Jje  the  case,  for  instattce,  with  those  persons  who  learn  tq 
iwiin.  to  dmic^t  or  to  play  upon  any  musical  int^trurucnt.  In  the 
one  set  of  cases  Volitional  Etforta  aro  met  more  than  half  way  by 
ioheritt-d  devolopmental  tendenciee ;  whilst  in  the  other  act,  and 
ia  the  case  ol'  all  new  Volitional  Movements  ficquirfd  by  ndtilla, 
the  Volitional  Induenoea  are  aided  only  by  those  nntoral  organio 
proclivities  to  the  development  of  new  nervous  nieclmnisiuji,  which 
oripnallj  Hinder  the  inllnence  of  auitahle  atimnli)  led  to  the  pri- 
mary ^neeia  of  Kerv©  TiaaiieH,  and  wbich  may  safely  be  deemed 
to  be  atill  operative  in  all  animale,  whether  high  or  low, 
CIa»iflCAtlozi  of  Movements. 


UnrtrntM  ft 
Jr^juiirtit  by  the 
jH*iit  ittu'il. 


I  VoHtioual. 


IT.  Second  ftT^ 
Aucomatlc. 


Primary 
Automation 


Where  llio  MciTcmoDt*  thun-^ 
Pi'lvc9  am  frnnillAr  nnd  ciwj. 
b.  Wlvore         H«votiictit«  tliem- 
Hilvefl  w  imtGtmlllM-  Eiud 
difficult. 

tt.  M(>Tt)iifi*!ijt«  loiimed  l>j-  ench 
ItidlvliliuiIfiirtkiLitiwII  which, 
(intMcquontty,  after  Iohb 
j>fm'tlce  L».'L>irie  r.imiliiu-  ami 
tiMj  of  OX  edition. 
^  4.  MoTQiucntfi  whfcb  fipp^nr  tn  a. 
iiL'vtl  lettmiinif  hy  cuch  liidl- 
YiiiuiU,  mcru! y  Ijecaiwe  tbclr 
li[ir\'oiiKtkiL>cTLimiKluH  Are  bat 

dcvolopod  at  the  tima  irf 
Mrth. 

MoTemBntA  leRmcd  }iy  ante-  A. 
oixlciDt  f|cnoriitiiinB  nf  aiiU 
Tnitia,  now  onpahLo  of  tK-inif 

birtb,  owiti|{  to  luboritod 
inL'rliiiiiiiMiis  Ixilnji;  tliin 
time  iiulQticiitly  )ltiVulo]M9d. 

Volititniat  nets  are^  therefore^  lut^rely  Automatic  acts  in  proceas 
of  formation,  firat  of  all  for  the  Individtitd,  and  Huh»equetttly,  it 
may  be,  for  the  llace.  AVliere  niiob  Movemcuta  bave  been  acijuired 
or  le&rned  for  the  Rjice»  unless  the  inherited  correlative  Nervouii 
Mechanisms  are  developed  at  tbe  time  of  birth,  Volitions  may  in 
ench  Individual  again  intervene  and  act  as  stimuli  during;  the  time 
that  Bucb  inherited  llef^lmnisrns  are  undergoing  their  proper  degree 
i>f  development 

Tnking  tbe  li^piual  niul  Medullary  Motor  Mechauisnis 
as  bi^iDg  either  developed  or  in  process  of  devclopmeDt,  we 
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may  now  tarn  our  fttteution  more  purttcularly  to  a  con- 
Bi<3eralioQ  of  the  parts  whence,  and  of  the  channe 
through  which,  Cerohral  Incitationa  pass  (on  their  w 
down  from  cortical  ^ey  matter)  in  Emotional,  Idoo-motor, 
or  Volitional  Movementa, 

Ooe  part  of  the  roate  has  been  pretty  clearly  ascortaiD 
and  this  may  be  first  referred  to. 

Prom  the  evidence  supplied  hy  disease  in  the  hain 
subject,  from  experiments  upon  some  of  the  lower  animji 
and  from  other  sources  of  knowledge,  it  has  been  use 
tiiined  that  the  Corpora  Striata  are  great  motor  gangl 
in  some  way  concerned  with  the  execution  of  Voluutarj) 
Emotional,  and  Ideo-motor  Movements, 

Motor  Btimuli — that  is  Btimuti  which  are  to  exo 
movements — pass,  therefore,  from  certain  parts  of 
Cerebrul  Cortex  downwards  to  the  corresponding  Corpon 
Striata.    These  bodies  am  called  into  activity  in  a  way 
which  cauuot  be  defined,  Uiou^fh  from  them  tbo  motor 
stimuli  seem  to  be  continued  and  redirected  towards 
'motor  mechanisms'  of  which  we  have  previously 
speaking,  in  the  Medulla  and  Spinal  Cord* 

Tho  tracks  of  these  latter  stimuli  are  fairly  well  known. 
Thoy  pass  from  each  Corpus  Striatum  through  the  iufi^riar 
layers  of  the  Crua  Cerebri,  and  throuf^h  the  Pons  VaroUi  oa 
the  sanio  side  ;  whilst  below  this  bridge  they  are  gathe 
together  in  the  'anterior  pyramid '  of  the  Medulla,  whi 
after  a  course  of  a  htlle  more  than  one  inch,  decnssates 
part  with  its  fellow — in  such  a  manner  that  many  of 
t\hvGH  of  each  pyramid  pass  over  into  the  opposite  *  late 
column  *  of  the  Cord,*  whilst  some  continue  to  descend  on 
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*  It  would  appejir,  from  ocinmon  phenoeneuaoccaaiotiedby  di»e«Bi 
of  the  ^cat  Nerve  Centres  in  Man,  that  the  ccr<?ljral  chanisrlt 
tliroQgh  which  limb  fnOT^montH,  at  least,  are  called  into  acUritv, 
inuat  undergo  anch  a  '  dtjcasaalion/ 
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tho  same  side  in  the  '  itntorior  column.'  Thettiotor  fibres 
which  det^usaate  and  pass  downwjirds  in  the  lateral  columns 
of  the  Spinal  Cord 
enter  the  anterior 
eornua  of  Grej-  ^^at- 
ter  in  the  cemufll, 
the  dorsal  or  the 
lumbar  ref;jiun,  ac- 
cording to  the  situa- 
tion of  the  groups 
of  cells*  concerned 
with  the  Movements 
wliirb  the  partieulur 
eerebml  stimuli  tra- 
versing these  chai)- 
nels  lire  destined  to 
evoke. 

The  prtfiPage  of 
Cerebral  iucitatioi^s 
or  stimuli  througU 
one  or  other  of  theee 
Spiniil  Meehauiams 
is  followed  by  an 
outpouring  of  grad- 
uated Molecular 
Movements  along 
certain  of  the  fibres 
of  the  '  anterior 
roots  *  with  which 
euch  Mechanisms 
are  continuous  :  and 
these,  traversing  the 
Motor  Nerves  iit  the 
rate  of  about  111  feet 


Fio.  1TB.— IffBTTD  CbU  ^rtih  mtmy  bemnchuB  ^om 
onft  <if  Iho  Atitcriur  Cornin  pf  4  Buman  Splati  Ctfrd, 

(MiiX  SchtlltKv.)  n,  Unbratic^hed  CoU-profCM  pOAQlng^ 
Into,  or  jrilnln^f  the  nki#  Ci  UllJeT  of  oiie  of  thn  *  iitiltr* 
rluT  rtjot  ■  fikin-M,  Iho  ottw  r  imx^iw  TrtSn*  LTMiclitd  ; 
J>,  All  •trgrtiiftdi^n  it(  |it|{iii«iit  ipTirinlcB  on  anc  rido  of 
tlic  laryn  nucl«i>Uu<l  itpclcii«»   (x  I5tt  dUmotira.) 

per  second,  speedily  excite  defiiiile 
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grotlpa  of  Mascles  iu  definite  wajs,  wiUi  the  cflloel 
prodnciDg  tbe  Jesired  Movements. 

The  mo^e  ia  which  phvsiciAiis  and  {>KtboIr>^sts  ha 
aoqcirpd  thia  knowledge  as  to  the  toate  folioHed 
Mfebral  stiQiaU  from  the  Coqwm  StriaU  downwards 
the  MaseleB,  is  Loo  intricate  and  technical  to  be  here  di 
CQssed,    We  mmst  content  ourselves  for  the  present  wi 

the  above 


sUtemetit  of 
in  addition  to  the 
foUowing  brief  ex* 
planatioD . 

Tli«  ftifecU 
frofli  dt£€a«e  of  the 
pora  Stria  ta 
whether  in  the  fdfm  of 
ii^oftertia^  or  Hxnar- 
rliage,  d^muo«tnt»  tlie 
irnportaoce  of  ihm 
hodies  in  rdatkn  to 
Voluntary  MovenMbtii 
and  provethat  the^rharr 
ri^  iso.-T™w™  «  !  «•  U  «W  B«iy  o(  .  to  do  with  the  UaasmU- 

Ihig  ali^Uf  in  htmt   uf   tiia  OlAic  Coruma^me,  ^i^n  ^^^d  prOpCT dutribo* 

■h^wlog  tto  snreilor  part  n|  tJw  '  intotuj  caiwile,*  tJoD  of  *  ToltUonal '  ifiO- 

(heMcllbs  of  which  uneitber  aidti  pncfaatta  HaulI*  talifiiia.  n.-  J-irtnin-iinB 

rdrftUc  Md  Ihiwt.'  <L    lirtf»'TeirtTteil«  Aneannriltlliil 

podvQB  of  the  flune ;  pBiliio«itar  urpuiiriflD  I '  1b-  Corpm  StnatniB  bj 
tanMlMfHiila^:  CM,  Optic  ConmlMan;  *,  wctioB  disease  pfX»doce». 

Vt  UM!  Ulterior  pwt  of  Uw  'Iqtvrual  impnilc.'^  - 

diicicf  nena^iU^  t4  Ofoppmit*  vAm  oi  the  hodj.  ^thpF  resulta*  a 

lo«3  (it  volantary 

over  the  Liml:^  on  t]i«  opposite  side  of  tfae  body  (Hemipl 
though  the  trank  muscle  wUt*;h  are  called  into  sioiuUaaeoiHl 
tivitr  do  nAt  share  in  Ihii^  )kara1ysifl,  for  ms<!ni«  first  girea 
BroaJbent  (p.  4i^*),    KucU  Corpus  Striatotn  tranffmits,  Ihrrerj 
the  '  voUtional '  indtatiotta  for  the  Ijimb-Dinrementa  of  the  op 
site  half  of  th«  bodj;  wbtUt  it  would  appear  that  ritberof  the 
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tnay  transmit  incitations  cnpaUe  of  calling  into  ficliuD  the  closely 
united  double  groups  of  Spinal  Nerve  cdU  wliidi  niiuititer  to  tUe 
liilatoial  movetneiila  of  thu  trunk.  The  case  in  refrard  to  the 
biliUeral  movements  cuucerncd  in  Sjiei'ch  will  \jq  spyciully  refL'rred 
to  in  a  Biibsequeut  cliuptcr. 

The  precise  mode  in  wbicU  the  Coi'puB  Striatum  acts 
can  only  be  dimiy  conjectured^  No  oue  has  expressed 
the  kind  of  view  wLiL'h  has  been  held  by  many,  better  or 
more  fully  than  Broadbent,  ^yhen  ho  saya*; — 

"The  Corpus  Striutiim  is  the  mi>toi"  ganglion  for  the  entire 
opposite  half  of  the  body.  It  tmnslatea  Tolitiona  into  actions,  or 
put6  in  «xt'cntioii  the  commands  of  the  Intellect;  that  ia,  it 
fttjlectfl,  60  to  apeak,  the  motor  nerve  nuclei  in  the  medullu  and  cord 
Hppropiiate  for  tli^  perfornianc©  of  the  desired  action,  and  eends 
down  the  impulses  which  Beta  them  in  motion^  These  impolaes 
J^re  traoemitted  through  fibrca,  and  the  fibres  inuat  start  from 
C*iU  processes  in  the  corpus  stri^ttuni.  A  ^iocn  Ttwvinientt  ihiTtfure, 
muttt  be  rcjircpoittd  in  th^  Corinis  Stntitum  hj  a  group  or  yroupa 
of  cells  tjicing  duM^uward  pro(cj*9i.«f  tvhich  becouie  fhrc9  of  the 
fHotor  irfict  of  tlm  eoid.  When  the  rnovoinent  ia  eiuiple,  or  whcu 
the  co-ordirialion  required  can  be  efTcclod  by  the  cord  as  in  Wttlking-, 
tlie  cell  group  will  be  Hnmll,  aud  the  deacending  fibres  few.  When 
t)ia  movument  is  complex  and  delicate,  and  guided  by  vii^ion  or  by 
the  conscioua  attention,  as  in  writing  or  drawing,  the  cftU-groupa  will 
be  large  and  detiuitc,  and  the  descendipg  fibres  numerous.  There 
will  not  be  a  separate  group  of  cclla  for  each  movement;  but  the 
same  cells  may  be  diflbrently  combined,  juat  as  different  combina- 
tions of  carbon,  hydrog'en,  oiygen,  and  nitrogen  forru  the  basis  of 
all  organic  aubHtancea,  Wonla  which  require  for  their  nlteranco 
tlie  simnltaneoua  co-operation  of  mo«dea  of  the  chest,  Itirynx, 
tongue,  lips,  etC  r  aud  the  exqui^iita  aud  rapid  ai^UBtment  of  their 
movcmcnta  concerned  in  phonation  and  artictiltttiontinuat  be  repre- 
aent**d  in  the  Corpus  Slriatum  by  very  large  groups  of  cells,  aud 
mti  ID  that  of  one  »ide  oaly  but  in  both  " 

Thia  view  an  to  the  functions  of  the  Corpora  Striata  iii 
regard  to  Vohmtiiry  MovementB  may  be  supplemented 
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by  the  same  writer's  notion  as  to  the  functions  of 
Cerehellum  in  the  productiou  of  such  Movements.  Thi 
respective  parts  uLLcb  he  is  incliut'd  to  a$s<:»igii  to  each  of 
these  orfTftDB  will  thus  be  seen.    He  says  : — 

**The  Cm'ebelhim'  ^'Oirtinaie*  wot>€TiienU  guided  by  vUi<m,  or 
eomhlneE  the  t^eneral  m^wamtirtie  of  ihe  body  rendi$red  neet'ssary  fry 
tpeaitil  aHioti»  ordered  volition.  For  instaTice,  to  itluslratc  the 
latter  funotion,  I  wish  to  Btrik*  a  blow.  I  am  cotiaciotis  only  of 
the  di^sire  to  hit  tbe  object  arid  hit  it  hard ;  this  19  the  only  action 
renliiiod  in  coneciou&neas*  But  in  Qnler  to  carry  out  the  intcntiimp 
notonlj  nui^t  the  6at  he  clenched  and  the  arm  bhot  out,  but  the 
fi*ot  must  l;>e  firmly  plnnteilf  the  laga  mnde  rigid,  the  bo*1y  thrown 
forward,  the  cheist  lixed ;  and  this  h  what  ta  done  for  me  by  the 

Cerebelltitti   We  can  eee  that  there  is  no  such  relalio" 

between  viBual  iitipreeaitms  as  hetwoen  these  and  tuctilo  impres- 
tiicji»t  Quduny  mechiinisnit  such  as  thiit  for  reflex  renpouse  to  the 

liitter,  ia  inipOBsible  aa  regards  vision  How  the  Cere- 

helhim  iti  acted  upon  by  the  Ceitibnini  or  aensori-Ynotor  ffungh 
ind  in  turn  acts  upon  the  cc»rd»  we  do  not  yet  know." 

The  above  notions  entertnined  by  Brotulbe-nl  in  regard! 
to  the  functions  cf  the  Cerebt'llum,  are,  in  fart,  not  my 
diiTerent  from  what  have  been  expressed  in  Chap.  xxir. 
There  are,  iudeed,  good  grounds  for  beliedng  that  the 
Cerebellum  acts  in  Bume  way  at  the  instigation  of  the 
Cercbram  in  tho  production  of  Voluntary  Movements 
(see  p.  507] ;  and  in  these  cases,  as  already  explainedj  the 
niovements  arc  mostly  guided  by  Vision*  On  the  other 
bund,  it  Et?cm8  obvious  that  the  Cerebellum  al&i>  xLssists  ia 
the  performance  of  *  automatic  '  Movements  of  the  highest 
or  most  general  order,  such  as  might  well  bo  conceived 
to  fall  to  the  Bbare  of  a  great  Motor  Ganglion  atanding 
at  the  head  of,  but  in  intimate  relation  nith^  all  other 
subordinate  motor  centres  in  the  Medulla  and  Cord, 
Being  conuerued  as  it  is,  therefore,  both  with  new  and 
with  old  actions  it  bun  an  cssentiully  double  function ; 
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ttiid  what  vro  as  yet  know  of  Hs  anatomical  conneotiona 
liiirnjonious  cnoufrh  yyith.  this  view. 

In  what  precise  way  the  Cerebellum  acts  iu  the  per- 
formance of  these  fanctioiis,  and  more  especially  thoB©  in 
which  it  co-operates  with  the  Goi-pora  Striuta  for  tlie  execu- 
tion of  Voluntary  Movementg,  remains  at  present  wholly 
tmknown.  Neither,  however,  can  we  do  more  tlian  con- 
joclure,  whctt  we  try  to  realize  the  motlo  in  which  the 
Oorporft  Striata  themselves  react  under  Intellectnal  Incilu- 
tions  upon  the  motor  nuclei  of  the  Medulla  and  Cord, 
IIow  is  it  that  tho  initiating  Idea,  the  Desire  for  a  related 
'  end,'  and  the  two-fold  Conception  of  the  necessary  Move- 
ments, as  co-operating  stimuli,  are  enabled  to  influeiice 
the  Coi^pora  Striata,  bo  as  to  evoke  the  Movements  iu 
question  ?  The  obscurity  prevailing  in  regard  to  this  prob  - 
lem  cannot  at  proacnt  he  removed.  We  possess  no  real 
knowledge  on  the  subject,  and  me  rely  suppose  that  Intel- 
lect as  it  passes  over  into  action — that  is  at  the  turning 
point  or  '  bend  of  the  stream  '  — whilst  seeming  to  engender 
A  psycholoj^cal  ghost  named  '  Will/  operates  by  transmit- 
iing  fiuitable  stimulations  to  the  Corpora  Striata  ;  and  that 
here  again,  perhaps*  under  conjoint  Btiniulation  from  the 
Cerebellum,  in  some  manner  wholly  unknown,  other 
&equenLial  molecular  actions  are  roused,  as  a  result  of 
which  iucitatioDB  are  sent  to  and  through  motor  *  nerve- 
nuclei  '  in  the  Medulla  and  Cord,  appropriate  for  the  per- 
formance of  the  desired  Movements* 

But  another  final  set  of  questions  in  regard  to  the 
execution  of  Voluntary  Movements  now  remainB  to  bo 
considered.  We  have  pointed  out  the  track  takeu  hy 
cerebral  incitations  in  their  passage  downwards  fvvm  Iho 
Corpora  Striata,  through  the  Cerebral  Peduncles,  Medulla, 
and  Cord,  and  theucc  through  the  anterior  roots  of  Spinal 
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Nerves  to  the  reqaisibe  groups  of  Mttscles.    The  oppcr 
part  of  tlie  route  still  remains,  hoTvever,  to  be  ppociHc*!, 
We  have  to  consider  whether  it  is  from  special  par 
of  the  surface  of  the  Cerebral  Hetuispheres — and  if  s 
from  what  parlB— the  before-mentioned  Intelltfctaal  Incil 
tious  (which  in  their  subjective  embodiment  art;  coniiuoni 
known  as  *  Wiir  or  *  Volition')  pass  downMarda  to  the 
grent  Motor  Gauf?liit — the  Coi-pora  Striata '? 

Previous  to  the  expinimeiits  of  Fntsch  and  IlitJEig 
(1870)  and  of  Ferrier  (1873)  it  lad  been  generally  belicrc' 
that  physical  irritations  of  the  Burfaces  of  the  Cerebral 
Ilemisphet'cs  were  not  capivhle  of  evoking  any  delinit« 
Movements,  These  investi^'uturB,  however,  found  th 
Rome  definite  Movements  were  capablft  of  beiiifi  prodnc 
by  elcc^tric  irritation ;  and  that  though  Iho  Movemen 
varied  in  character  they  were  more  or  loss  similar  when 
t];o  saino  limiUid  regions  of  the  surface  Grey  Matter  were, 
on  diilereut  occasions,  stimnlatcJ  to  a  like  eitent.  Fi  it^ch 
and  Hitzig  ori^riually  obtained  &iich  results  principnlly  by 
milking  us©  of  weak  *  voltaic'  carrenta;  whilst  Ferrier'a 
subsequent  though  mort" extensive  observations  were  made 
with  the  aid  of  weak  '  induced  *  currents.  The  Move 
meiit^  thus  j^roduced  by  the  stimulation  of  certain  parts 
were  found,  on  the  other  hand,  to  be  abolished  when  tb^'sa 
same  parts  of  the  Cerebi-ai  Cortex  had  been  deatroycd— 
that  ia,  such  MovementR  were  no  lonfjer  capable  of  being 
performed  by  the  animal,  either  of  its  own  accord  or  as 
Boquence  of  external  stimulation. 

Sontc  of  the  principal  facts  bearing  upon  this  qnc^ 
of  the  cxcitfttitm  or  abolition  of  dutinite  Movements  ns 
result  of  the  stimuktion  or  detttruetiou  of  dc&uite  portion 
of  the  eoi'lox  of  ihe  Ihain  in  Monkeys*  may ^  perhaps, 

•  The  MiiYomefitB  of  thest*  animuts  being  nnoat  allied  to  thoae 
Mjtn»  tLud  ihcir  BrbLiaa  being  also  moat,  tiiinilur  to  hiM,  it  ivill  b>» 
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most  briefly  set  fortli  by  quoUu*;;  Forvior'a  desci'iption  of 
somo  oLaervations  tniidti  upon  au  animd,  certiiiii  parts  of 
whose  Cerebrum  had  bocti  previously  submitted  to  electrical 
Btimulutiou,  and  in  wliom  the  initial  irritative  changes  were 
epeodily  followed  by  deatmctive  morbid  pi'ocosaea,  involv- 
ing  the  snme  parts  of  the  Cerebral  Cortex. 

Ferrier  aaya  ('  Functiona  of  tbe  Braiu.'  p.  200j : — "  The  first  ex- 
periment I  have  to  record  ia  iniitructivci  m  allowing  the  reepcctivo 
effecta  of  irritiition  and  destruction  of  the  convoluiiona  bounding 
the  tisaurc  of  Rolando.    The  right  heoiiBpbere  of  a  loontey  had 


,— LfltL-ml  Vlciv  uf  tbfl  ^r^ii  of  h  Monkey,  nbQwtng  thu  hoiiudftriM  wf  llw 
' ntotur  aroa  '  uf  tlio  tight  LV'nljnil  Hcniispberti.  (Perrlcr.)  Fiasiii-u  of 
it,  tbo  parietal  kbiilo ;  «,  tho  axcanditig  traittAl  convolution. 


b<H?n  exposed  and  subjected  to  GsrperimGiitatioTi  with  electrical  irri- 
tation. The  part  exposed  incladed  the  ascending  paric'tLib  ascend- 
ing frotittt),  and  postmnr  extremitiea  of  tiio  frontal  convulnlions. 
The  animal  was  allowed  to  recover,  for  the  purpose  of  watching 
the  effects  of  exposure  of  the  brain.    Next  i3ay  the  animal  tfaa  found 

belter  in  the  brief  fipiico  wbich  we  caii  here  devote  to  Ibie  subject 
to  confine  our  obeervatioofl  to  tlie  reeulta  of  ex|>criment&  with 
iheee  piirticnlar  anima1<!«  though  many  olhers  have  been  e^];Miri' 
men  ted  uium  hy  Dr.  Ferricr. 
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perfecllj^  wtU,    Towards  ilae  close  of  th.v  day  follow  inp»  on  wlii**!! 
there  vfcre  signs  of  indammatory  irritation  and  (»ui»paration»  it 
heg&n  to  Bofi'er  from  chronic  spasms  of  the  left  angle  of  the  montK 
and  left.  urm.  which  recurred  repeatedly,  and  rapidly  assumed  aa 
epileptiform  chamcter,  affecLing  the  %r1iole  of  the  left  sicJo  of  tb« 
body.   Next  Aaj  left  hemiplegia  had  become  e!«tabliaKed«  tlie  angl« 
of  th«  moutli  drawn  to  the  right,  tht  \eh  clieek-pouch  Haccid  and 
distoiidcd  with  food,  which  had  accumulated  ontside  the  dental 
arch;  there  being  almost  total  paralysis  of  the  left  ana,  and  |iiirtisil 
paralysis  of  tlie  left  leg.    On  the  day  folloirin^  the  pcira^ysiii  of 
motjoa  was  complete  over  the  whole  of  the  left  side,  and  continised 
vO  till  death,  ntne  day»  euWqnently-    Tactile  Bcnfiatian,  as  well  ai 
Bight,  hearing.  smeU  and  taate  were  retained.    Oa  pvtt-^morU'm 
*iainintttit-iii  it  was  fcund  that  the  eipoaed  convolutions  were  com* 
pletely  snftened,  but  beyond  thi»  the  rest  of  the  hemisphere  and 
the  basal  ganglia  were  free  From  organic  injury  ......  In  this 

we  have  a  clear  case,  first,  of  vitaE  irritation  producing  precisely 
the  siAtne  &Secta  BR  the  electric  curr^[}t>  and  then  destruction  by 
inllammiitory  BoFUnini;,  n^saltio^  in  complete  paratytjia  of  toIdh- 
tary  motion  on  the  opjionite  side  of  the  body,  wiibotjt  oficction  of 
Beusaliou." 

The  impoi'tniit  observation  previously  made  by  lltijib- 
lings  Jackson  that  irritative  disease  of  tLe  correspnudiDg 
region  of  tlio  Brain,  or  of  some  part  of  it^  in  tbe  biiman 
fiabjcct,  ie  specially  apt  to  be  associntod  with  a  liuLiiitT  to 
anilateral  couvul&ioDS,  complete  or  partiul,  of  tbo  opposite 
Bide  of  the  body,  was  thua  Tcrified  sd  far  aa  it  could  W  by 
tbese  experiineutal  observatioos  upon  tho  Motikoy,  Tbera 
IB  reason  for  btiienngj  also,  that  destructive  disease  of 
tbe  Cerebral  CoDVoliitiotia  in  tbiR  region  niay  lead^  in  the 
buman  subject,  as  it  did  in  the  monkey,  to  a  condition 
of  completo  Hemiplegia.  Ju  eacb,  tbercfore,  both  in 
man  and  monkey,  irritjition  of  certain  surface  regions  of 
one  of  the  Cerebral  Hemispheres  is  followed  by  cboreifortn 
twitubiags  or  by  actual  ConTulsions  on  Ibe  opposite  side 
of  the  body,  whilst  destruction  of  tbo  Biinio  pfuis  is  fol- 
lowed by  an  opposite  uuiliLtcral  Paralysis,    IrrltatioD  and 
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deatruction  of  other  regions  of  the  surface  of  the  braiu  in 
Monkejs,  wero  followed  by  no  such  excitations  or  abolitions 
of  Movements* 

Details  caunot  here  be  given  as  to  the  efiect^  produced 
by  localized  irntations  or  destructions  of  limited  pftris  of 
ilic  Couvolutiona  within  this  *  excitable  area.'  For  these 
the  reader  is  referred  to  Chap.  viii.  of  Fumcr's  work, 
Tho  principal  couclusions  at  which  he  has  arrived  may, 
howcTcr,  be  gathered  from  a  careful  study  of  Figa.  182^  183, 


in  which,  as  a.  result  of  his  invf^stijj^ationsj  the  seats  of  the 
difforent  Bupposcd  'centres*  far  Bpeeial  Movements  aro 
indicated.    They  are  as  foUowe  : — 

(l.)  CetitreB  for  movenienta  of  the  opposite  leg  and  foot,  »ucri  ae 
are  concerned  in  locotnotion — in  potit^ro-parictal  tchuh', 

(2,  3,  4.)  Centres  for  various  complex  movcnienta  of  the  arms 
nnd  leg?,  ^■Qch.  &?  are  concerned  in  cliniLin^,  awiinmin^,  &c.— in 
ibf'  com^nhtfiim»  houndiuff  the  ujiper  ^.rUrmihj  of  the  Jissarc  oj 

(-•l)  Centres  for  the  exteniFiion  forwntda  of  the  arm  and  hanil^  as 
in  putting  forth  the  hand  to  touch  HomL'lhingiti  front— in  jJOdicrtur 
v.xiremUij  of  eiq'Grwr/tvttkd  conDolutlon. 
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{*3.)  Centre  for  lIib  movements  of  tbe  haiiJ  iiiiU  forftSTm  ia  wliic 
tiiu  bicepB  m  jwtioularly  cn^njged  (vix.,  aupinutipn  of  tbe  bumian 
Hexioti  of  tbe  foreann)— it^'d**  inlddle  &/ a8cti)}duig  frottUHt  vppogi 
jHigtcrtor  extrfmittj  of  nitddh^  frmthil  f:f>nvtihd\OH. 

{1  and  8.)  Cetitrca  for  the  ele^'ators  anJ  deprcsBora  of  the  Uigl» 
of  tbe  mouth — in  lower  end  of  aftCfmihif^  ft-ontal  couvnlnttojt. 

i\)  nnU  10),  mclaiuled  together  id  one.  is  said  to  be  the  centre  for 
tbe  movomciitiJ  of  tbe  lips  and  tongue,  ns  m  articulation — m 

loiter  Of  thh  ti  fi-onlai  wn 
valtiittiii  ('Brpqa*s  convol 
Uoti 

(11)  Centre  for  reLtir 
tion  of  Htigle  of  month— * 
mtin'ii  -  ififtrtfiuiit  r^mrofu 
/  ion ,    ri  r< ir    Itncer   rii  d 
ngcendhiff  pnrirfai. 

[12.)  Cuntr«  for  Ul<>rtl 
niovemetita  of  the  beaj 
eyea,  witli  elevation  of  tfas 

tbe  p  u  pi  I  ( utli  tu  de  0  f '  atten  - 
tiOTi  *) — in  jiO»ti  r  i>it  iit$rt4 
of  «j tjicr  ti nd  m  iddle /t wi t 
con  vobttiDnB. 

((£,  ii,  e,  d.)  Centres  f< 
iiKivemetits  of  tbe  band  rg 
vrist— IT*  tlif  itgc^ndit 
piiricUtl  4:onvohtiion, 

Tbe  relative  position 
tbeec  BiippoHed  *  motor  oert 
tres '  ill  r**p[ard  to  two  of  tlia 
ni08tiii)portiinta]lri;,'ed*8fn 
iwry  centre**  i*  aUo  sbgwu 
in  Fig,  le-^,  in  wKicli  the  circles  13  and  13'  indicate  what  is  rogardi>d 
by  Ferrier  as  the  Visaal  Centre  {in  the  «)i;»ivi^ni'ii"t)ma(  lohnic  an 
tiif  anrftiia*'  (ftfrue),  whiliit  the  circles  I  t,  14  indicate  the  fiituntioa 
of  Uie  Auditory  Centre       the  upper  temj'orai  mniwhtlnfn),  Th« 
centres  of  Touch*  Smell,  and  Taate  un\  aa  we  have  previoii 
mentioned  (pp.  53.Vo40)^  belii?ved  to  be  lomieA  in  convolution* 
the  inner  onpcct  and  tip  of  the  TeiniKtral  Lobe. 


m 
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Fifl,  i%9.—Vpj!tT  aspect  nf  M<inkey"»  BrjJn, 

m^aUi^  •  Mpt«r  Centrw,'  In  tlm  Tuft  Ccrabrol 
IK-minphfTf!,  (farrkn)  Fof  MforcDCCfcweTejct, 
ubd  iilMi  Vig.  ]7:^, 
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i  an  example  of  the  kind  of  ovidcnce  upon  which 
tbo  ftbove-mentioncd  loculiyiftlions  in  rogard  to  Special 
MoTomcnts  Lave  been  mnde,  ouo  of  Ferriei's  experimental 
oliserviitioiiH  beanng  upon  tins  poiut  may  he  quoted. 


**'r\ie  left  hctoigptiere  of  a  monkey  wiu  expoaed  in  the  ref^ion 
of  the  aaccndin^  frontal  convolution  eufficionlly  to  dii^play  the 
centre  of  bicipitul  action  [fig.  182,  or  supinntion  and  fiesion  of 
be  foTVarm.  The  exact  spot  being  dclermiued  by  the  applk'ntiou 
of  the  dectrodes,  it  was  then  iiccur^itely  cauterised^  J u at  tiuHitiitinUy 
to  destroy  the  cortical  grey  watitT.  This  operation  immediately 
tiianifeated  itaulf  in  paralysis  of  the  powtr  ot  flexing  the  right  fure^ 
arm.  All  the  other  movements  of  the  Hnibs  were  rytaiticd,  but 
when  the  nght  arm  was  placed  in  an  extended  position  the  animal 
was  utterly  powerlesa  to  (lex  it^  and  the  limb  hung  in  a  state  of 
tliiCciid  extensioa  when  the  uninml  wiis  lifted  .....  It  raised 
thinga  to  its  inouth  with  the  loft  hand,  iha  movements  of  the  leg 
were  tntact*  there  vran  no  facia^l  para.1>  ijijii  atid  cutaneous  and  other 
forme  of  fieue^ition  were  niiimpuircd." 

TiVhethor  or  not  the  varionn  clclaile,  of  M-bicli  brief  indi- 
cutions  only  have  been  given,  lire  destined  to  be  confirmed 
by  other  investigations,  it  aeema  pretty  clear  (notwitb- 
Btanding  all  which  has  been  said  in  an  adverse  sense)  that 
experimentttl  observations  on  Monkeys,  as  well  as  clinicO' 
pathological  data  jnrathered  from  the  study  of  the  effects  ot 
disease  in  Man  alike  support  the  notion  that  certain  '  ex- 
citable regions*  of  the  Cerebral  Cortex  exist  in  each  Humi- 
sphere,  the  irritation  of  which  produces  Choreic  or  Convul- 
sive Movements  of  the  opposite  side  of  the  body,  and  the 
destruction  of  which  gives  ritie  to  ParfilvHis  of  correspond- 
iDfT  parts  of  the  body.  This  '  excituble  area  '  (figB.  17*2, 
182)  comprises  the  convDlutions  which  border  on  or  are 
adjacent  to  the  ■  fiwHure  of  Rolando/  viz,,  the  ascending 
frontal  and  parietal  eonvolutionaj  tbo  poetero-parietal 
lobule,  and  the  posterior  portions  of  the  throe  tiers  of 
firontal  convolutions. 


It  IB  important,  moreover,  to  men 
Sanderson*  and  otliers  have  shown  tLal 
Movenienta  T\liich  follow  irritation  o 
portions  of  tho  Cortex  may  aho  bo  evo 
of  thia  cortex,  ou  stiranlating  correspon* 
subjacent  wbite  substance,  or  even  hy  et 
of  the  surface  of  the  Corpora  Striata  the 

It  may  therefore  be  regnrded  as  fair 
that  the  great  majority  of  stimuli  for 
Movements  of  the  Voluntary  and  Ideo- 
oflT  from  the  re^rfons  above  specified  of  t 
Grey  flatter ;  that  they  traverse  the  ii 
aubstance  *  to  reach  the  Corpua  Striatom 
thence  to  pnr&ue  the  course  already  iutlit 
Cc^rebral  Peduncle,  the  half  of  the  Pons 
the  opposite  half  of  the  Spinal  Cord^ — frc 
horns  of  Grey  Matter  the  continuations 
t^timuli  pass  away  by  the  *  anterior  ro 
nerves  *  to  appropriate  groups  of  Musclef 

So  that  if,  since  David  Hume's  tin 
not  learned,  in  any  full  sense  of  tho  ten 
by  which  "  the  tnotion  of  our  bodies  . 
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The  next  question  that  arUes  is  as  to  tbe  most  comet 
iuterpretfltion  of  tbe  new]y  discoYcred  facts.  What  are 
the  fuDCtiona  or  modes  of  activity  of  these  portions  of  tbe 
Cerebral  Cortex  whence  the  stimuli  emanate  which  are  to 
ezcite  special  Voluntary  Movements? 

Various  answers  have  been  given  in  reply  to  thia  ques- 
tion. We  have  (a)  the  hypothesis  of  Forrier,  that  the 
results  depend  upon  the  existence  of  '  motor  centres  ^  for 
VoUtional  Movements  in  the  cerebral  convolutions ;  {h)  the 
bypotbetjis  of  Schiif,  that  the  Jlovements  of  the  limbs 
resniting  from  stimulation  of  the  corticfil '  centres'  are  of  a 
'reliex*  nature,  and  that  tbe  afl'ectiou  of  Motility  depen- 
dent upon  the  destraction  of  tbo  same  parts  is  ossL-ntially 
an  'ataxy'  resuUing^  from  loss  of  Tactile  S<:?nsibility  ;  and 
(c)  the  hypothefiia  of  Hitztg  and  Nothnafrel^  that  the  convo- 
hitional  areas  in  question  are  either  the  '  muacubir  sense* 
centres,  or  parts  traversed  by  *  muBcnlar  sense*  impreesion«- 
(((.)  The  hypothesis  of  Fc^rrier  is  eo  important  in  itself, 
has  been  so  ably  advocated  by  him,  and  already  nurabera 
80  naany  adherents,  as  to  niake  it  desirable  that  wo  should 
examine  his  views  pretty  closely. 

Tbe  following  passages  have  seemed  to  tbe  writer  to 
embody  the  most  important  statements  and  views  adduced 
by  Ferricr  in  bis  work  on  Tbe  Fanctions  of  the 
Brain,"  in  support  of  bis  position  that  '  motor  centres ' 
jpList  in  the  Cerebral  Convolations.* 

(1.)  "  Tlie  calive  removaJ  of  tlie  [cerel>ral]  hemiapherea  O|>0ratea 
differently  ia  difltiretit  chiBsea,  In  tbe  liah,  tha  frog,  and  the 
pigin^n  the  removal  of  the  hemispberea  exerciBea  Uttle  or  ao  appre- 
ciable effect  on  the  faoaltieB  of  ataliou  and  locouigtioii,  UodtT  the 
influence  of  Ftininlntioii  from  wiLboiit,  tiiesc  atiiraaU  gwim,  jamp, 

*  The  passages  have  been  arranged  in  paragraphs  and  nam- 
bered,  merely  fur  tbe  purpose  of  facilitating  reference  to  the  varioaa 
■fcatemetits  contained  thereia. 
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or  fly  n-ith  fuach  vigf>itr  and  precision  aa  before.  In  tlie  ruMl>!t 
the  removal  of  the  hemispheres,  while  decidedly  impairitig  ib^* 
motility  of  the  Torn  linilia,  docs  n<it  quite  destroy  the  power  of 
Eti^ition,  nr  of  ca'orJiuated  progreBRiDn  in  answer  to  external  titimulL 
.  .  ,  .  .  In  tile  dog,  howev<5r,  the  removal  of  the  hemiapherei 
eicrciaes  a  much  rnuro  marked  influence  on  the?e  powcra,  readering 
tion  and  locomotion  absotutelj  im^^fosbible^*  {p.  207). 
(2.)  "In  proportiun,  however,  mavemuiita  at  first  requiring  roh- 
tiobiil  education  tend  to  bticome  orgunized  or  rendered  autotnati 
the  less  are  tht^y  affeciod  by  injury  to  the  cortical  centres-  Hen 
in  the  dog*,  in  which  tbe  acquieition  of  the  control  of  the  linihtf  it 
speedy,  the  destruction  of  the  cortical  centres  prodaces  a  intieh  leai 
mnrked  efiect;  the  movementii  having  become  tu  a  great  measure 
independent  of  thesfi,  throngh  organization  in  the  Bubordiiiatft 
centri's  "  (p.  213).  "lutheopttc  tbalaraus  and  the  corpus  stn»- 
tam  tba  aflsocialion  between  certain  impressions  and  (^c^rtnin 
Hctiona  becomes  so  mecbauic^il  or  organized  tbat  if  we  were  to 
remove  from  the  dog  all  the  centres  alove  the  basal  ganglin,  tbesfl 
would  of  them&elrc8,  on  tbe  application  of  exteniiii  stimuli,  be 
anlficienl  to  Cfirry  out  all  the  co  ordinaled  movementa  of  locomo 
tion  "  (p.  214). 

{3  )  ^*'rUe  m<3Ttt  the  control  of  the  Umbs  depends  in  the  fireb 
instance,  and  continaen  to  be  dependent  on  voluntary  acqniaitiont 
the  more  does  destruction  of  the  cortical  motor  centres  caii«« 
pamlysie  of  movement.  Hence  in  mu.n  and  the  monkoy»  in  wbous 
volition  is  predominant  and  autoniaticity  play»  only  a  Kubordinntfl 
pnrt  in  the  motor  aclirities,  deGtmction  of  the  motor  centres  oftlio 
oortvx  causes  piiralyaiB  of  u  very  marked  character"  (p.  213). 

The  fiictti  cited  ill  panigrapb  (1)  are  important,  -Roqaes' 
tionaliiy  true,  and  in  piirt  well  known.  They  merely  tend 
to  show,  tLat  in  higher  forms  of  life  the  Cerebml  Hemi- 
'  spheres  with  the  Corpora  Striata  gradually  tuko  on  some 
of  tbe  functions  which  in  lower  animals  have  been  dis- 
charged throuf^b  the  intormediation  of  Medtillftry  B,nd 
Sjiinal  ContrpR,  The  Cerpbral  Homiaphcros  in  higher 
animals  com«  to  exercise,  therefore,  a  larger  proportiunaUs 
share  of  influence  in  tbe  execution  even  of  the  commoa 
iiiov<*ments  needed  for  Locomotion* 
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The  statements  m&de  m  paragrapbs  ('2)  and  (3),  though 
they  may  be  perfectly  trao»  leud  no  special  support  to  tbo 
doctri/ie  of  Hu;;hliug3  Jacksoa  and  of  Fiimer,  Tliey  are 
e^iUttlly  or  even  more  in  accord  with  the  views  expressed  in 
this  chapter.  The  dumn^^e  or  Temovnl  of  parts  of  the  Brain 
concerned  to  a  large  extent  with  the  Intellectual  direction 

!  of  MoTeroents,  of  parts  which  are  accustomed  in  the  most 
direct  manner  to  call  into  activity  the  Corpora  Striiitu  (the 
great  motor  ^^anf^dia  oi  the  Hemispheres),  would  necessarily 

'  interfere  with  the  performance  of  each  of  suub  Movements 
prticisely  in  proportion  to  the  need  for  intellectual  guidance 
in  order  to  ensure  its  execution.  The  destruction  of  such 
cortical  areas,  in  fact,  puts  the  Corpora  Striata  themselvea 
out  of  court,  for  the  exocutiou  of  ftll  Movements  except 
those  which  are  at  once  simple  and  *  automatic'  Hence 

I  it  is  that  the  facts  above  cited  lend  no  exclusive  support 
whatever  to  the  notion  that  'motor  centres'  exist  in  the 
Cerebral  ConrolutEonB. 

,        In  the  following  panigruphs  Ferrier  sets  forth  ecrtain 

I    developments  or  corollaries  from  his  doctrine* 

I 

I        (4.)  "The  doy  from  which  the  cortical  motor  centres  alone  Imve 
I     been  removed  is,  however,  in  a  very  difllTent  posiiiot)-    It  retaiiiB 
its   BCfiEory  centreji,  and  is  a  conscious  sentient  animal,  and  id 
'     nipable  of  Meatiott  aud  emotion.    It  ifl  not  merely  a  mechaninm, 
the  activity  of  which  ia  de[>ciident  purely  on  eKterual  Btiuiulation, 
biit  has  within  itself  the  spring's  of  action  in  tl*e  nieJiatu  Ibrm  of 
nni\*ed  or  idfttl  impreafiioiifi,  and  la  thus  capable  of  spontaneous 
1      action.     Aa,  however,  the  revived  impreBBiona  occupy  the  tame 
!     place,  or  coiiici<.le  with  the  physio! ogical  activity  of  the  aame  parts 
QM  are  engaged  in  the  conEcioasaeab  of  present  iiopreagioneii  tUe 
rev  ived  impression*  can  throw  the  antomntic  nppai-atua  of  move- 
ment into  action  jtmt  aa  wdU  a»  im  mediate  or  pres*ent  invpressioiiB" 
(p.  21*). 

{'^.}  "  In  the  dog  d**prived  of  its  cortiwd  ccntrea  the  path  from 
impre«Bion  to  action  is  wot,  aa  in  th&  ordinary  course  of  volition^ 
through  the  cortical  motor  tenlrca  to  tbe  Corpus  Striatum,  aiij 
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^enoe  downwarda  to  the  raot{jr  nuclui  and  mutnr  nmeu, 
through  the  basal  ganglia  difi^cll^'  *'  (p.  2Lo). 

The  suggestion  here  made  Uiflt  the  '  way  out  *  from  the 
cerebral  cortex  is  tliflfcvent  in  the  Crtse  o£  Voluutarj  from 
what  it  is  in  Idoo-motor  Movemeiitg  has  never  been 
proved,  and  is  directly  contra -indicated  by  nil  that  w 
know  cioncerning  SpGech  nnJ  its  defects.    The  few  ilifficnlt 
phenomena  to  be  explained  in  reference  to  Emotion  as  an 
iiistigiitor,  in  casca  whore  Speech  is  otherwise  lost,  doesuat 
uiirmnt  the  statement  above  mnde  that  in  Ideo-molor  an^ 
Eiiiotional  Acts  generally  the  'way  out*  is  "through  the 
husal  ganglia  directly/*    This  statement  is,  to  say  the 
least,  hypothctieol  and  vague ;  nor  is  it  correct  to  say  thatj 
revived  imprcasiona  **  ca«  throw  tlje  automatic  appanitos 
of  movement  into  action  jifst  as  ii'ell  as  immediate  or 
present  improBsioiis/'    They  are  proverbially  weaker,  and#| 
therefore,  less  potent  inciters  of  Movement.    And,  uiilcf^S] 
the  suppoRition  that  there  is  a  distinct  way  out  for  Ideo-^ 
motor  and  Emotional  Stimnli  is  better  founded  than  it 
appeal's  to  be,  they  could  not  act  at  all  in  the  caaj  sup-^ 
posed.     Br,  Fenier  must  either  make  all  these  poinl 
much  clearer,  or  else  he  must  give  up  the  attempt 
explain  a  fact  bo  damaging  to  hia  hypotheeia  as  that  ol 
the  recovery  of  motor  powpr  in  the  dog  after  the  removal 
of  "what  be  regards  as  its  "voluntary  motor  centres.' 
The  close  relationship  existing  between  the  Vulnntary  nm 
Ideo-motor  modes  of  stimulation  to  Movement,  does  Di 
Eoem  to  have  been  adequately  appreciated  by  Forrier. 

Again,  he  say  a  : — 

(fl.)  "A  dog,  therefore,  deprived  of  its  corticiil  motor  c«ntn*a  ma] 
yet  be  capphle  of  *pontaneonB  action  and  co-ori\iiia.ted  Wotiiuliini, 
under  the  influuncy  of  preseiit  or  paat  impreft«ji,von«,  or  of  emotional 
8tat«B.    Only  aach  movementa,  however,  ^ws\\^^><i  wtciicd  as  "havft 
Wxtn  atilomitticatly  or^uiaed  in  the  corp^^i  •AtSa*^-  nio 
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meiitfof  tocomottoit  havlog  b&coiae  aatomaiiG  may  thus  bo  easily 
cSected,  and  tSie  dog  may  be  able  to  walk  witb  as  mucb  apparent 
aten^iness  as  before." 

{7.)  "The  Corpns  Striiitiim  Ja  tbe  centre  in  whicli  tnoveraenta 
primarily  dependent  oa  Volition  proper  tend  to  become  organized  " 
(p  I2U). 

(8.)  **  It  may  b«  confidently  asatprted,  and  perhiipa  it  may  be  one  • 
day  resolved  by  csperimiiot,  tbat  any  spetiial  tricks  of  movement 
which  u  dog  may  hiive  learnt  would  be  aa  eift'ctually  paralyzed  by 
removal  of  the  cortical  centres  aa  tbe  varied  and  complyi  move- 
ments of  the  arm  and  hatid  of  the  montey  by  the  fiame  lefiion.* 
Bod)  forms  of  activity  "  aa  are  nol  babHiml,  and  have  not  becoitiQ 
uutomatic,  would  bo  render&l  iin|)0Bfiib1e  "  (p.  215). 

There  are  good  reasons  for  believing,  that  no  aiich  defi- 
nite distinctioEs  exist  between  Voluntary  and  Autotnatio 
Movements  as  are  postulated  hy  Ferrier.  It  eeems  not 
only  uaoeceB^ary  but  altogether  nnphilDSOpkLCfiil  to  look 
for  tlio  neiTous  'organizations'  pertaining  to  Voluntary 
lIovemcDtB  in  ceniiias  altogether  apart  trom  those  in  which 
Automatic  Movements  are  '  organized,'  The  Voluntary 
Movements  of  one  of  gctierations  tend  to  become  the 
Automatic  Movenieuts  of  remote  progeny  in  subsequent 
generations.  La  the  intervening  periods  less  and  less  will 
depend  upon  higher  Cerebral  Inftuence — or^  in  other  words^ 
upon  Intellectual  guidance. 

f  Fcrrior^  eeema  to  na  to  €tart  with  a  fundamental  mis- 
conception in  suppo^5ing,  in  reference  to  Coitioal  Centres, 
that  those  **  immediately  concerned  in  effecting  volitional 
movements**  are  **  as  such  truly  motor**;  or  that  because 
Voluntary  Movements  are  paralyzed  afler  the  destruction 
of  these  parts,  we  have  in  ibis  fact  evidence  to  show  that 
they  are  motor  centres."  If '  Will '  or  Volitional  Stimuli 
ftre  not  altogether  independent  and  fielf-l>egolten  entities — 
and  this  Dr.  Ferriur  is  far  from  believing — they  can  only 
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be  regarded  as  tukiiig  origiu  from  the  orgaiiic  fcicfll« 
Perceptive  and  Intelloctual  Actions.  As  Spinoza  pointed 
out  over  two  centuries  ago,  "  The  Wil!  and  the  iutelligen 
are  one  and  the  same  thing  " — viewed,  however,  from  • 
slightly  (lifft;reist  a^^pect. 

(fc.)  According  to  ScliifT  ami  others,  the  parts  deemed 

*  motor  cciiti'ca  *  by  Fcrriei  are  rathei  to  be  regarded  as 
cetitrea  of  Touch,  The  movements  of  th^  limbs  which 
result  from  stimulation  of  these  centres,  thoy  cOB&ider  as 
of  a  'reflex'  nature;  whilst  the  aft'eetion  of  Motility  rft- 
suiting  from  their  destruction  is  supposied  to  be  of  an 

*  ataxic  *  order  and  occasioned  by  loss  of  Tactile  Sensi- 
bility. 

Against  this  explnuation,  there  is  the  fact  that  itijurv  to 
such  regions  of  the  surface  of  the  Bmiu  do  not  appear  to 
cause,  either  in  the  lower  animals  or  in  Man,  any  distinct 
impairment  of  the  sense  of  Touch  ;  neither  does  it  appear 
to  be  true,  as  was  formerly  believed,  that  mere  loas  of  Taclil 
SLinsibility,  even  if  it  did  exist,  would  of  itaelf  c*u 
either  ataxic  or  paralytic  symptomB.    The  evidence  fur- 
nished by  persons  saJfering  from  complete  Hemi-ana^stbesio, 
as  well  as  that  occasionally  supplied  by  persons  gutfenn 
from  some  forms  of  '  locomotor  ataxy/  seoms  to  show  that 
loss  of  Tactile  Sensibility  alone  causes  do  appreciable 
interference  with  the  Movements  of  the  affected  parts. 
This  is  the  opinion  of  Charcot,  of  Broadbent.  and  others, 
and  it  is  entirely  confirmed  by  the  writer's  own  examino* 
tion  of  the  celebrated  Henii-aojeathetics  of  *  la  Salpetrier«  ' 
when  visiting  Prof.  Charcot's  wards  last  autumn.* 
evidence  that  formerly  seemed  to  support  the  opposil 
opinion,  and  with  which  Fcrner  appears  to  have  been  si' 

*  For  an  aiM^^uTit  of  theso  pationtH  «cc  "  Brit-  Med.  Jonrnal," 
Oct,  12, 1S78.    See  also  ZiemBson's  "  Cyclopajdia,"  vol.  liii  p.  8*3. 
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impressed  at  the  time  of  tlie  publicttiLon  of  Lis  work,  ia 
Qnquestionably  defective,  and  staiida  in  neod  of  revision. 

(c.)  According  to  Hiuig,  and  also  to  NotLnagoi,  the 
aiTection  of  Motility  resulting  from  the  destruction  of  the 
cortit^al  ra^^nous  hi  queeliou  is  duo  to  a  paralysis  nf  the 
auimtil'y  '  niu^^cidar  boiiho,*  Nothnagel  tbiuliB  the  fact  of 
the  recovery  of  Movement  after  a  time  in  dogs  proves  that 
the  c<^titre  of  the  '  mimcuhtr  aeiiKo '  is  itot  itself  destroyed^ 
but  that  the  destriitjtiou  of  the  luirticuhir  regions  of  the 
cortex  |jas  sufficed  to  interrupt,  for  a  time,  and  not  far 
from  their  terminij  the  paths  for  Buch  ingoing  itnpressionis, 
Hitaig,  ou  the  other  hand,  seems  more  iudiued  to  believe 
that  the  centre  itself  {*  End-station  'J  for  impressions  of  the 
'  muscular  sense  ^  or  '  muscle-conscioueneaa  '  is  destroyed 
by  the  experimental  lesions.  Or,  if  this  b&  not  tho  case, 
he,  like  Nothnagel,  is  disposed  to  believe  that  the  affeient 
path  from  muscle  to  '  mind '  is  in  some  way  interrupted, 
lioth  these  investigators,  in  further  support  of  their 
notion,  say  that  tho  condition  of  the  animal,  in  regard 
to  Motility,  is  somewhat  similar  to  that  of  a  Man  who  is 
guflering  from  the  disease  known  as  *  locomotoi'  ata^iy,' 

Ferrier,  in  opposition  to  this  yiew,  contends  that  **ioss 
of  tho  muHCuhir  sense  without  any  affection  of  tho  other 
forms  of  common  or  tactile  sensibility  is  a  condition  the 
existence  of  which  is  purely  hypotheticaU"  He  further 
considers  that  no  investigatious  bearing  upon  the  subject 
hava  furnished  the  slightest  evidence  of  impairment  or 
loss  of  Touch  or  Common  Sensibility  when  his  so-called 
*  motor  centres '  have  been  destroyed  :  hence  he  infers  that 
the  *  muKCidar  sense'  bus  alno  remained  unimpaired 
p.  69).  The  affection  of  motility  met  with  after  destruction 
of  the  eo-called  '  motor  centres,*  ho  says,—**  only  rosemblee 
ataxia  in  tho  case  of  the  cat^  dog,  &e.;  but  in  man  and 
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the  monkey  the  resembliincp  fuils,  for  in  these  there 
complete  motor  paralysis,  with  distinct  r^l^Dtion  of  iht 
pristiuB  Bennibility  to  the  variouH  forme  of  cutaneona 
stimulations.    The  argunoent  from  mere  rosembluDce  i 
thus  seen  to  fall  when  a  wider  eumpttnson  of  instances 
made.    But,  further,  it  has  been  shown  thitt  the  condition 
wUii;h  may  with  truth  be  desciibed  as  loss  of  musculo 
sense  or  of  muscle-conseiouaneBa  ia  dependent  on  lesio 
of  a  totally  diSereut  part  of  the  brain»  rif.*  the  hippocam- 
pal  region,  or  centre  of  tactile  conRciousnesH,*'* 

These  ohjeclions  of  Ferrier  to  the  views  of  Notbnngel 
and  Hitzig  do  not  Beem  lo  ns  to  have  nearly  as  much 
cogency  ^^^^  he  supposes,  Onr  liuowledjre  in  regard  to 
se%'eral  of  the  points  touched  npon  by  him  is  far  from 
complete,  but  the  evidence  at  present  in  ourposBoseion  may 
be  interpreted  quite  diflerently.  Thus,  the  observationa of 
Landry,  as  well  as  the  case  of  Demaux  t  when  contrasted 
with  that  of  ordinary  hemi-an^esthetiG  patients,  make  it 
prob:ible  that  nnconscious  '  muscular  son^e  '  impressions, 
in  the  restricted  sense  of  that  term,  have  a  distinct  exist- 
ence, and  probably  a  cerebral  *  locus  '  of  their  own,  qnite 
apart  from  Tactile  Impressions,  whatever  maybe  the  rc^^oiL 
of  the  Cortes  to  which  the  latter  are  specially  distrlbutefL 
The  paths  for  these  two  classes  of  ImpressionB,  vis*,  those 
from  Muscles  and  those  from  Skin,  seem  to  he  topo- 
graphically distinct  in  the  Spinal  Cord  ;  they  are  probably 
more  or  leas  contigiious  in  the  Cerebral  Peduncles ;  whilst 
they  may  suhsGqiiontly  diverge  again  and  go  to  diiTerentpj 
though  functionally  related,  Cerebral  Conrolutious,  rather 
than  to  the  same  cerebral  region  as  Ferrier  seems  to  sap- 
poae  (w  p.  544), 

ThB  Cerebral  Cortex  is^  in  our  view,  to  be  regarded  as  a 
continuous  aggregation  of  interlaced  ^  contres/ towards  which 
*  Loc,  cit.  p.  218.  f  Rcfl  Appendix,  j*.  7C'0. 


Cnir.  XXVI.J        VOLUNTAUY  MOVEMENTS. 


585 


^1 
^1 


iBgoitig  Impressions  of  all  kinds  Gon\eyg&  from  T&rious 
parta  of  the  body :  hero  tbej  como  into  rcktioti  with  oue 
anotlicr  ill  various  ways,  and  conjointly  ^ive  rise  to  nerve 
actions,  vihich.  have  for  tLeir  sabjeclive  currckiiives  all  the 
S<;n&utions  and  PefcoptianB,  all  the  Xutell^ctual,  and  all 
the  Emotional  ProcesBs^a  M'hich  the  individual  is  capahle  of 
expenencmg.  From  these  terminal  and  complosly  related 
'  eud-slationa  *  for  ingoing  currents,  and  from  certain 
annexes  in  connection  therewith^  outgoing  currents  issue, 
vliicli  rouse  in  definite  M'ays  the  activity  of  the  highest 
'motor  centres'  (the  Corpora  Striata  and  Cerebellam) , 
and  through  them  evoke  the  properh'  adjusted  activity  of 
lower  motor  comLinationSj  so  aa  to  give  rise  to  any  Move- 
ments that  aro  '  desired/  which  are  accuBtomed  to 
appear  in  response  to  particular  Sensations  or  Ideas. 

The  plan  on  which  Kerve  Centres  generally  are  con- 
gtructedj  of  whatsoever  grade^  makes  it  essential  that  the 
stimulus  which  awakens  the  activity  of  a  *  motor  *  ganglion 
or  centre  shall  come  to  it  throuf^h  connecting  fibres  from 
a  'eeHBOry'  ganglion,  centre,  or  knot  of  c«lU*-that 
from  cells  which  stand  in  immediate  relation  wiLh  ingoin*^ 
bres  (see  p*  26), 
If  we  turn  to  the  very  simple  nervous  system  of  a  Slug 
(fig*  27)  we  find  two  upper  Sensory  Ganglia,  connected  by 
distinct  *  commiasurea  '  with  two  conjoined  Motor  Ganglia, 
It  can  scarcely  be  doubted  that  stimuli  (aa  sequences  of 
the  nervous  processes  concerned  with  Sensations)  are  accus- 
tomed to  pass  from  these  Sensory  Ganglia  along  the  *  com- 
missural *  fibres  uniting  them  with  the  Motor  Ganglia,  and 
thatj  in  accordance  with  their  different  origins  or  starting- 
points,  these  stimuli  may  cause  the  latter  Ganglia  to 
evoke  distinctive  muscular  contractions  in  various  parts  of 
the  body.  Could  we  galvanize  separately  the  several  sensory 
ends  of  these  *  internuncial  *  fibres  we  should  doubtlesa 
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evoke  Bimflar  Movements,  But  would  such  facts  end 
us  to  infer  that  these  Sensory  Ganglia  contain  'motor' 
Ceutreft?  Assnrctlly  not;  no  more  iLan  we  eboold 
be  entitled  to  call  tho  *  sensory  cells'  on  the  ingoing  side 
of  a  simple  mecbanism  for  some  lleJlex  Action  '  motor 
cells/  simply  becanse  a  stimnlua  issues  fi-om  them  which 
ultimately  evokes  the  Movement — that  is,  after  it  hn 
passed  through  other  nerve  elements  which,  by  commoa 
consent,  are  regarded  as  '  motor  cells.' 

The  nervous   fibres  that  extisnd  from    the  Cerehr 
Cortex,  in  higher  animals  and  in  Man,  down  to  th 
Corpora  Striata  are,  iu  their  nature,  Htrictly  compnraM 
with  the  fibres  connecting  the  '  sensory  '  aad  the  *  motor' 
Cells  in  an  ordinary  nervous  mechanism    for  Reflex 
Action*    Buch  currents  from  'sensory*  cella  may  pftsa  ' 
the  same  horizoutnl  plane,  they  may  have  to  ascend,  or 
as  frequently  happens,  they  may  descend  to  'motor*  ccl 
situjited  at  a  lower  levol.* 

The  Corpora  Striata,  conjointly  with  the  Cerebellam, 
aro  doubtless  specially  called  into  activity  by  tlio  Cere- 
bral Cortex,  in  ways  which  are  most  important  tbong^ 
they  cannot  be  precisely  defined,    These  organs,  aa  we 

•  On  account  of  the  variability  of  this  relation,  tlioreforP,  enc^ 
nerve  fibres  cnrinot  be  coiisidored  to  be  invariably  in  Telutioii  cilhsil 
with  *  ingoing '  or  with  "outgoing  *  currenta.  We  may  dtslinj|>nisb 
theiti  by  th^  name  of  *iat6i*cuiictal  fibres,^  with  the  undtirstaiitliub; 
that  iu  diS^E^rent  parts  of  the  Nervous  Syntem  ciirretits  are 
mitted  along  them  in  an  aaoetiJtn;!;,  a  Korizontab  or  in  a  deoc^aji 
direction.  Still,  as  the  stimuli  emamitinf^  from  the  Sanx? 
Ci'titres  aad  their  fiunuxee  in  the  Cerebrnl  Cortpx.  nt  once  take 
downward  dir^tion  to  the  Corpora  Striata,  it  will  be  most  eo 
vonient  in  this  cuse,  to  speak  of  the  origin  of  '  oalgoing '  cnrrooti 
m  Iwing  From  tlie  Cerehral  Cortex  ilaelf^and  to  regard  cerlaitt  of 
it«  C^^titroB  as  ftCi^npjiiig:  xvhut  baa  been  aptly  termed  the  *  bend  of 
<itr«ttni that  is  the  rogioiia  where  *  ingoing  *  cnrroute  eml  Of 
•t  plikcti  to  *  out^ln^'  currenta. 


cbaw,  xxvr.i 


VOLUNTARt  3I0VKMKNTS. 


587 


contend^  are  the  great  motor  gaiifrlia  through  which  cortical 
stimuli  rcBultiiifT  from  so-eulled  *  Volitionftl '  or  Intellcc- 
lunl  <;uidance  operate.  If,  iitcleod,  what  has  been  set 
f.irth  in  thiR  chaptei  gives  anything  hke  a  true  Qccouut  of 
thu  rohitioiis  esitsLiu^  between  Voluntary  and  Aulonmtio 
MovemeDLRf  not  another  word  Beed  here  he  eaid  against 
the  general  point  ol  view  npou  which  Hughlings  *Tackwon 
and  Ferrior  rest  their  hypothesis  as  to  the  existence  of 
'motor  centres'  in  the  Cerebral  Cortex,  nor  agaiuBt  tho 
view  that  the  niechnnistnB  for  Voluntary  jMoYementa  are 
'  organized '  in  regions  altogether  apart  from  those  con- 
cerned with  the  esecntion  of  Automalio  Movementa. 

What  has  been  said  in  the  earlier  parts  of  this  chapter 
in  reference  to  the  origin  and  nature  of  *  Volitional ' 
Btimuli,  together  with  what  haa  been  stated  ahore,  make 
it  possible  to  explain  the  results  of  irritation  and  de- 
Btruction  of  certain  fronto-parietal  areas  of  Grey  Mutter 
and  of  tho  white  matter  intervening  between  them  and 
the  Corpora  Striata,  without  in  the  least  countenancing 
the  supposition  that  *  motor  centres  '  exist  in  the  Cerebral 
Conyolutions.* 

The  Centres  in  question  are  rather  Vsensory'  in  nature, 
and  are  probably  intimately  concerned  with  certain  groups 
of  Kinfesthetic  Impressions — whatever  other  functions 
they  may  subserve,  or  with  whatever  other  centres  they 
may  be  in  intimate  relation.    We  have,  indeed,  seen 

*  We  have  here,  in  fact,  to  do  with  a  miBConc^ptioa  very  ainii- 
lar  in  kind  to  that  which  prcvloualy  led  Foville  atid  othc^ra  to 
n^gard  the  Cert'bellxim  aa  a  Sensory  Organ  (p,  504)  eiinply  bccense 
'  iuteiimnciul  ^hrm  *  enter  it  from  various  Bi^iisorj  nuclei  or  gangliii. 
To  arj^e  that  gmups  of  celU  have  motor  fuQctiouB,  merely  becutiau 
ittimuU  iiisuing  from  them  evoke  movementa  vrheti  thej  impinge 
u|>oa  motor  gaugUa,  is  quite  on  a  par  with  the  argument  that  ua 
'iTgari  hii3  BSoaory  functiong  becanse  fibres  ccune  to  it  from  Boneorj 
cells. 
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reason  for  believing  that  the  Kimesthetic  must  be  in  t 
closest  fLinctional  relationship  bolh  with  the  '^^isajU 
with  the  Auditory  Centres.    From  one  or  more  {but 
baps  nioro  especially  from  the  first)  of  these  iuter-rt-lH 
Perceptive  Centres  or  their  anneses,  '  internuncial  fibre 
issue,  by  which  they  are  brought  ioto  functional  rel^iliu' 
with  the  great  uoderlyiiig  motor  ganglia— the  Coq>o 
Striata. 

Stimulatioa  of  certain  sets  of  sacb  'interDuncial  fibres 
fihould  produce  special  Choreic  or  Convulsive  Movements 
destruction  of  them  should  produce  Paralysis  ;  aud,  look* 
ing  to  the  direction  in  wliich  they  tmnsinlt  thoir  sLtmali, 
analogy  would  lead  na  to  infer  that  the  BeTcranco  of 
their  eonnections  with  cortical  nerve-coUa  might  lead  to 
small  bands  or  tracts  of  'descending  degenerations*  be- 
tween the  seats  of  such  severance  and  the  corresponding 
Corpus  Striatum — yet  these  are  the  results  the  occurrence 
of  which  is  bo  confidently  relied  on  by  some  in  suppo 
of  the  'motor '  functions  of  such  portions  of  the  Cere 
Cortex. 


CHAPTER  SXVn. 


CEREBBAL  MEXTAL  SUBSTRATA, 

Apteh  the  firat  '  Sensation  *  nothing  Btrictly  answering  to 
this  term  exists.  Wg  only  cojiseiously  realize  any  imjires- 
fiion,  QS  of  f^uch  and  such  a  nature,  by  automatic  com- 
arieon  of  it  with  otlter  impressions  which  have  gone 
fore  it,  A  simple  'SDnsatLou^  can,  In  fact,  scarcely 
fiitist  in  cousciouBness,  nor  can  it  be  imagined  by  us  in 
"Tir  present  phase  of  mental  evolution*  Onr  so-called 
*  SeuButions  *  are  really  PorccptioDS^  In  one  and  the  Buino 
Ikct  or  state  each  of  thorn  embodies  FeeLing  and  Intelli- 
gence in  indissoluble  connection. 

A  seat  of  '  aunple  *  or  *  brute'  Sensation  is,  therefore, 
not  to  be  lookt;d  for.  Tha  scats  of  conscious  sen  Bibility  in 
the  only  inteUi^illc  phase  in  which  snch  states  can  exist 
^or  us  are  centres  for  PercDption** 

As  tbe  act  of  Perception  inTolvea  the  automatic  oom- 
parison  of  present  impressions  with  reviyed  past  imprea- 
sions  of  the  samp  kind,  as  well  as  of  some  or  all  other 
kinds  of  impressions  capable  of  being  yielded  by  the 
Object  perceived,  it  happens  that  even  in  the  siniplest  eo- 
culled  '  Sensation  *  the  conjoint  activity  is  necessitated  of 
no  one  limited  tract  of  convolutional  grey  matter — but 
rather  of  widely  extended  cell-and-fibre  mechanisms 
corresponding,  it  may  be,  with  many  more  or  less  diifased 
and  complexly  related  Perceptive  Centres  (p.  522), 

Seeing  that  each  Perceptive  Centre  forms  the  basis  or 
starting  point  of  different  processes  of  Ideation,  and, 
♦  See  pp.  I7^j,  btli,  and    Kature."  Jan.  20, 1870,  p. 
:20 
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therefore,  of  Tlionj^bt,  and  that  the  Bevcral  eeoCres  mo 
Intve  the  same  kirnl  of  relation  to  Emotion,  we  to*y  fin^ 
therein  addiLknml  re^ison  for  the  l>elief  that  the  diflbreoi 
Perceptive  Centres  ure  ilifTuse  in  seai^  and  that  vridel/ 
tieparflted  parts  of  the  Cerebral  Hemispheres  are  probablf 
koitted  together  for  Bimultaoeous  action  even  in  iLe 
aimplest  sensory  Perception— containing,  as  this  process 
doe&t  the  germB  of  Thought  and  Emotion,  to  say  nothing 
of  *  Vohtion  And  although  these  diffase,  hut  func- 
tionally nnified,  nerroaa  networks  may  differ  much  from 
ordinary  '  Centres '  (owing  to  their  assumed  lack  of  top<H 
graphical  disLanctness  and  excludveneeB),  it  is  atiU  co_ 
venient  to  be  able  to  refer  to  sach  networks  as  *  Centres,' 

But  in  addition  to  the  complex  perceptive  mechani!^ 
in  relation  with  the  'five  senses,'  there  are  also  other  Cer 
hral  Centres  for  ingoing  impressions^  some  of  ^hichii 
when  in  action,  habitually  attended  by  more  or  less  of 
ConsciouBuei^Bf  whilst  others  are  as  constantly  deroid  of 
any  such  accompaniment.  Yet  all  these  '  Centfes' — qui*" 
irrespective  of  the  degree  of  vividness  of  the  aubjectiTV 
accompnniments  dependent  upon  their  actinty— are  pro* 
bably  aituated  in  some  portions  of  the  Cerebral  CoTtex.f 

*  See  Dr.  Lombard,  "  On  tbc  effect  of  Inteltoctual  and  Km 
tional  Activity  on  the  Temperature  of  the  Head,"  in  "  Proceed,  of 
Royal  Society/'  1878^  p.  4iV2. 

t  Among  tlieao  a  *  badsc  of  Space '  Centre  ought,  perhapa.  to  be 
include".!,  the  nclinty  of  which  wonld,  however*  l>e  of  teea  iaiport* 
nnco  for  Man  than  for  many  of  the  lower  anioialfl  <pp.  21-4-219^ 
The  instiDctive  and  antaogbt  mi^i^tions  of  yoang  Birdij  niay  depead 
much  upon  the  automutiu  uotivity  of  thia  Centre,  and  are  phenotuena 
of  the  same  orJk-r  a«  the  iustincttvc  fear  of  the  young  Turkey  on 
hearing  the  cry  of  the  Hawk  (p.  180),  or  the  inatinctive  appnecia- 
iion  of  food  and  diutaace  which  enables  the  young  Chick  to  aaap  at 
and  capture  a  Bee  (p.  188).  In  all  tbe^e  caaea  we  have  to  do  with 
autonantic  Perceptions,  as  well  as  with  Aatoniatic  Movementai 
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There  8  re  J  in  tbe  first  place,  termini  for  the  iraportaut 
class  of  Visceral  Impressions  wliicb,  so  fur  as  they  are 
lusected  with  the  aiiimurB  '  Itfe  of  rcEutiou/  are  (liviBibla 
into  two  main  Cfitegoriea — the  Alimentary  and  the  Geuital. 
Tho  parts  of  the  Visceral  Centre  appertAining  to  these 
fiets  of  impreBfiions  are  the  cerebml  foci  in  relation  with 
two  all-powerful  *  appetites*.  They  mnst»  each  of  tliem,  be 
in  iuLimate  counection  with  the  eptjcial  Perceptive  Centres, 
whose  activity  is  conjointly  roused  during  the  times  of 
recurrence  and  active  manifcatalion  of  tberanous  Inetincts 
of  lower  animals,  as  well  ae  during  the  various  phases  of 
human  passion  and  action  which  are  immediately  or  ro- 
inot-ely  connected  with  such  Visceral  ImpresHione. 

Differing  altogether  from  tho  foregoing  ImpreasiouB, 
both  'spociftr  and  'visceral'  (though  their  related  pbysical 
nit-'chaniRma  may  be  inextricably  intermixed),  we  Lave 
another  great  class  of  Impresaion^t — viz.,  those  of  Kin- 
EssthealB,  Here  we  are  not  concerned,  except  indirectly, 
with  impressions  made  upon  the  external  or  internal 
surfaces  of  the  Organism.  Such  impressions  evoke  Move- 
ments, and  these  in  their  turn  occasiou  vanoas  ingoing  im- 
pressions. Same  of  these  latter  Kinfrethetic  ImpressionB 
(£uch  as  those  occasioned  by  the  contractions  of  the  Heart 
nd  of  the  Alimentary  Canal)  give  rise  in  the  healthy 
uman  being  to  no  recognizable  phase  of  Conscioasness : 
it  is  even  doubtful  whether  some  of  them  ever  reach 
e  Cerebrum,  Other  of  these  impressions,  however — 
especially  in  cases  where  Muscles  are  called  into  play 
voluntarily  in  unaccustomed  actions^  and  where  the  Move- 
ents  produced  affect  large  Joints  or  tracts  of  Skin — 
give  rise  to  more  or  less  distinct  states  of  Conficiousness, 
and  thus  place  it  beyond  all  reasonable  doubt  thiit  mich 
impressions  reach  the  Kinjeathetic  Centres  in  the  cortex 
of  the  Hemispheres. 
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It  is  of  importance  to  reineml>er,  conceniiag  this 
SenBe-endowtneut,  that  part  of  its  impressioDs  are  dis- 
tinctly Tactile  in  nature,  and  as  snch  are  probablr 
able,  or  bare  their  organic  seats,  in  portioEis  or 
Tactile  Centre ;  and  that  tbose  of  them  which  are 
attended  hj  Consciousnesa  are  probably  the  impi 
emanating  from  the  Muscles  themselves.  Theoe  last 
components  of  the  many-sided  Kiniesthetic  Sense  corre- 
si>»>ttd,  in  the  main,  with  what  has  been  erronectisly 
tenaed  *  muscular  consciotianese/  or  with  the  '  mnecolar 
seiifte '  in  the  most  limited  Bcceptation  in  which  this  latter 
term  has  been  used. 

The  occarretice  of  Movement  is  for  the  XinMtlifiic 
Sense,  what  the  presentation  of  an  object  is  to  ih6 
Yisaal  Sense  ;  and  the  inabilitT  to  cognize  tlid  tmprss* 
eioos  occasioned  by  Movement  (either  those  that  ars 
con&cioQB,  those  that  are  unconscious,  or  both)  which  is 
sometimes  produced  by  certain  morbid  conditions,  is  a 
defect  of  the  Kiuif  sthetic  Sense  aJtogether  analogoos  to 
'blindness^  in  relation  to  the  Sense  of  Vision.  To  speak 
therefore,  as  Ferrier  does/  of  this  seqaenee  of  Moremeut 
and  the  Sennations  thereby  indnced,  as  a  "  senson-motoor 
ftssociation/'  is  altogether  to  miss  and  inTert  tlie  real 
Bignificance  of  the  pbenomena  to  which  he  refers. 

The  impresisions  coming  from  every  one  of  tba  '  special ' 
Sense  Organs  are^  in  part,  dependent  for  their  rariotlB 
combinations  npon  the  Movements  of  snch  organs,  sad 
for  this,  as  well  as  for  other  reasons  sabseqtiently  to  be 
referred  to,  the  connections  existing  between  the  seTenl 
'  perceptive  centres'  for  snch  impressioiis  (especially  those 
of  Touch  and  Sight),  and  the  Kiuffsthctic  Cetitie  mast 
be  peculiarly  intimate  and  complex. 

Each  *s|>ecittr  Perceptive  Centre  and  also  the  Wiaccral' 
■•  Lrc  dt  p.  268. 
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Centre  may,  Bt  tiiuL'S,  ami  accortliuf?'  io  ibe  nature  of  tlio 
sLimuluB,  form  Uio  sUrtiiig  poiutboth  in  'aensori-motor' 
and  id  4deo-motor' Acta,  whence  outgoing  stimuli  isaiie 
to  rouBfi  tLc  Motor  Centres*  But  wlietlier  these  im- 
pulses pass  off  from  such  'special'  or  'visceral'  Centres 
JirL^titly,  or  whether  (without  our  eouseiousuesa)  they  piisa 
from  them  to,  £iud  then  off  from,  somo  parts  of  the  Kin- 
esthetic Centres  muHt  be  conaiJereJ  to  remain,  for  the 
presoiit,  very  uncertain. 

On  other  occasiouB,  eilher  of  the  *  apecijil '  Pcrceptiva 
Centres  may  receive  impressions  which  form  the  initial 
starting  points  of  euneiita  ending  in  Voluntary  Acts ; 
though  the  immediate  executiou  of  the  Movement  thus 
prompted  may,  iu  the  case  of  the  mnjority  of  limh-move- 
mentfl,  be  dependent  upon  the  secondarily  excited  guidttnce 
of  co-active  Visual  and  Kiuitsthetic  Centres — ;jast  as  in 
the  case  of  the  complex  movements  concerned  in  Articu- 
late Bpeech,  the  immediate  execution  of  such  mOTcmenta 
is  dependent  upon  the  regulative  activity  of  the  combined 
Auditory  and  Ivinfeathetic  Centres.* 

Owintif  to  the  great  preponderance  of  movomenla  of  the 
right  arm  and  hand,  as  compared  with  those  on  the  left  side, 
the  Kinesthetic  Centre  of  the  left  Cerebral  Hemisphere 
would  be  much  better  developed,  in  the  great  majority  of 
pevKonSj  than  that  of  the  ri-^^ht  Hemisphere.  The  impres- 
sions of  the  Kiiuesthetic  Sense  are^  in  thia  respect,  pre* 
ciaely  like  those  of  Touch— and  these  two  kinds  of  sensory 
endowments,  as  we  have  seen,  merge  into  one  another 
,  BO  imperceptibly  as  to  make  it,  in  part,  impossible  to 
septtrate  their  Cerebral  Centres  from  one  another* 

i'lna  preponderating  activity  of  the  left  Cerebral  Homi- 
epLere  ia  regard  to  Tactile  and  Kinaislhelic  Impressions 
(^hotit  wLich  there  is  no  room  for  doubt)  may  hove  some- 
•  Sl'c  p.        and  Chap,  ixix. 
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tiling  to  do  witli  another  fact,  viz.^  tUttt  the  k»fl  Hemi 
epliere  h  the  most  potent,  niid  seoms  to  t»ke  tLe  leiwi  i 
giTint;  rise  to  tbe  Voluulary  Impulsions  which  <let«rm' 
the  muscular  acta  involved  in  Artiuukte  Speech** 

In  regard  to  onr  'iJeas*  of  Words — the  svinWs  wi 
which  our  Thoughts  are  incxtiicably  iutcmwveii — th 
are,  for  the  most  part,  complosc,  the  components  (as  is 
the  case  of  simple  Perceptions)  being  dependent  upon  the 
activity  of  diftercnt  Centres — which  need  not  nlwu^^s  ac 
to^ether^ — and  in  their  order  of  importance  are  prohiibl 
to  be  enumcrattd  as  the  Auditory,  tlio  Visual,  und  t' 
Kiu£Osthetic. 

Of  tlieso  modes  of  *  ideal  *  recalj  of  Words,  the  tw 
former  are  distinct  and  easil;y'  rccoverahle,  while  the  latt 
is  charactorisLieally  vugue   and  difficult  of  conseioii 
reulizalioup    Let  any  one  contrast  his  idea  of  the  ^cin 
of  the  word  '  London/ or  his  idea  of  the  appearance  of  th 
"word  when  printed  or  \mttcn,  with  his  idea  of  the  mus- 
cnkr  and  other  fuclings  aBsociatcd  with  the  articulation  of 
the  same  word,  and  the  inferiority  in  dcBnilcness  and 
recovei-iibiUty  of  the  latter  will  at  onco  become  uhviaua. 
There  is  nothing  sin-prisingr  in  thia,  however,  since  w« 
know  that  the   tendency  of  Kiniesthetic  Impressions 
{^'L'uerally  is  tlint  they  should,  like  Vistveral  Impressiona, 
Govn  come  to  affect  the  motor  muchiuery  of  Qur  bodies 
Without  aronsiiig  onr  ConsciouHuess.    In  such  animals  as 
are  born  with  their  motor  acqutremeuta  already  well-nif;h 
complete  (pp.  l88/22y),  KiniESthetic  ImpresBions  probably 
enter  as  little  into  their  conscioQ>i  Mental  Life  as  m 
titudes  of  Viscfnil  Inij)ressionB  enter  into  onr  own. 

Speech  has  already  become,  for  the  human  rae«, 

*  Sec  p.  403,  and  also  Dp.  Lombard  in  "Prtceed,  of  tbe  Itoy 
Society/'  1878,  pp.  463, 


xniich  moj-D  '  iufetiiictive '  act  than  Writiti^^  so  tlmt  it  is 
niorely  ft  resnlt  of  tbe  tpnileiipy  uliove  iJludcd  to  tljiit  Uie 
Kltis^sthctic  Iiiiprcssionfl,  prrtaiuiiig  to  the  movG  deeply 
ingrainud  motor  acts,  have  lieci  mo  propoi  Lionately  more 
vague  autl  irrecoverable.  He  tins  explanation  correct  or 
not,  the  fact  itself  is  obvious.  Let  auy  one  shut  his  eyes, 
pJaco  bia  fingera  in  the  position  for  writiiifj,  anJ  make  in 
the  air  such  movemeuts  aa  would  he  needed  for  writing 
the  word  *  Loudon  ; '  immediately  afterwards  let  bim 
nirticulate  the  same  word  aud  c^ompare^  in  regard  to 
relative  distiuctness,  the  two  afia  of  Kiniesthctic  Improa- 
eioiiB.  The  difference  appears  to  the  writer  to  be  mDsfc 
jnarkcd. 


The  fact  tlitit  Thuugbt  iu  a  chiW,  ov  in  atj  'absent  miiidt'd' 
jraoD^  is  apt  to  be  accooipatiied  with  mtittercd  Articulatkma  may 
Tkj  eaFily  undt^rHtood  wlien  wc  consider  to  what  an  estont  Speech 
soon  bocomes  a  mere  reflex  or  '  idt'O-raote '  act,  and  that  the 
pfaenotneDoa  in  question  oeoara  eapecidly  io  tboHe  persona,  or  under 
those  coiiditiutJii,  in  which  YolitioDal  Control  is  in  aK^jatice  and 
reflejc  actionH  are  moat  prone  to  manifest  theniKclves.  Again,  that 
Arlicidatiun  should  (where  it  is  not  iuten  Jed }  so  frequently  accom- 
pany the  attempt  to  rrad  made  by  un  illiterate  jierBon  or  by  a 
child,  ia  eimply  due  to  the  fact  that  during  the  process  of  learning 
to  read  (From  which  iliuy  have  not  yet  emerged),  their  attempts 
lire  always  accompanied  by  Tocal  articulatione — aa  in  the  proccEs 
oF  reading  aloud  to  a  teacher.  To  *top  at  the  mere  realization  of 
the  Visaal  Impreeaion,  and  thus  undo  their  prenous  habit,  ia  an 
accoaipli*ho3ent  to  which  these  iMjrsona  and  many  children  havo 
lot  yet  attained. 

To  Speak,  therefore,  of  the  '  ideas  '  of  Worda  as  '  motor 
processea,*  or  to  say  that,  "  a  Btippressed  (trticidatioit  ia, 
la  fact,  the  material  of  our  recollection,  the  intellectual 
manifestation,  the  idea  of  Speech,"  is,  in  the  writer's 
opinion,  both  misleading  and  erroneoua — though  the  latter 
^■fe  a  vittw  which  has  been  put  forth  and  advocated  hy 
^KftO  less  an  authority  on  psyehologieal  BuhjeclB  lhau  Pro- 
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feasor  Bain.*  Thut  mental  rcprcBentntive  of  a  Word 
Tvliich  is  least  die;tinct  and  most  difficult  to  revive  (what- 
ever may  be  the  view  entcriainetl  as  to  its  precise  naturfl 
and  oriftin),  ia  here  declared  to  he  of  most  importatice  ia 
re<T(ird  to  Thought  and  Specoh  processes — ^is  of  so  mnch 
importuDce  tlmt  it  ia  spoken  of  hy  Prof.  Bain  as  con* 
stituting  the  "  material  of  our  recollection  "  in  the  use 
and  production  of  "Words,  whilst  no  mention  is  in  this 
place  made  of  other  (auditory  and  visual)  modes  of  revivid. 

Agnid,  rel^inr^  much  npoa  the  above  and  allied  doo* 
tnnes,  Dr*  Hughlings  Jacksonf  has  repeatedly  nnd  in  llio 
most  forcible  manner,  nrfjed  his  own  view  that  mrn- 
tal  operatioTiB  in  the  last  analysis  mutii  he  menrfy  the 
suhjcciire  dth  of  scnmry  and  motor  atthstrata.**  Por 
those  who  hold,  as  Hiighlin^a  Jackson  d<X'S,  the  view 
of  Bain,  Wnndt,  and  others,  to  the  effect  that  our 
Consciousness  of  *  mnscukr  activity*  is  in  great  part 
initial,  centric  and  realiasable  in  the  Motor  Centres — thi« 
mode  of  oxpcesston  is  legitimate  enough  :  it  is,  in  fad, 
its  logical  outcome*  But  for  those  who  \^■hoIly  dishelieve 
this  general  doctrine,  £lb  Dr.  Ferrier  does,  and  who  retard 
all  senRations  or  impressiona  connected  with  Movement  ad 
derivable  from  peripheral  *  ingoing '  impressions  emanatiDg 
from  the  moving  parts  themselves,  and  not  going  back 
to  the  Cerebrum  along  motor  nerves,  such  an  opinion  and 
finch  modes  of  expression  would  be  alto^tbcr  inadmissible. 

•  "The  Senaee  and  the  Intellect,"  3rd  Ed.,  p.  dr^^.  It  h  tma 
tl;at  in  other  parte  of  the  same  wort  {v.g.,  ou  p,  4^6)  Trot.  BainJ 
in  a  contradictory  matinor,  refers  to  penaory  eU^meotflof  tbe  additory 
type  as  the  most  tsmportant  components  of  our  iriemory  of  rpokea 
lang^Tiugc ;  but  thiB  in  no  vay  diiniuifiheit  his  renponsiUlily  for  tht 
«DH)!iu8iiied  sLtitejijetit  ttbovc  quoted.    iSee  "  ForltiighUy  Ittrview,* 

Ap.  isfif),  p.  in,] 

t  **Clin.  and  Pbyniolog.  Bf&iurcti  oa  the  Nervous  tfysttJin, 
(.Keprint),  WQ,  pp.  u-xuvii 
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Yet,  strangely  enougb,  this  latter  aLle  writer  and  experi- 
Dionter,  wLose  views  are  likely  to  exercise  consitlerablo 
iuflacnco,  Beenifi  to  hitvo  hcon  batrnycd  into  such  an  in- 
oonsistoncy.* 

If  the  Tarinaa  impreHaions  wliich  go  to  make  op  the  Kinrcstlietio 
Sc*nee  are  all  of  them  {us  we  anpjjo^e)  real  'ingoiujr'  idiprpswiona 
that  traverse  different  kinds  of  seneory  nerves,  the  cncrc  differanca 
ttf  the  mode  or  oocasion  oil  which  tliey  ure  e^cciti'd,  shoaM  not  lead 
TO  ttititr  Iwing  spoken  oF  as  thoiij^/h  they  ware  radically  different  in 
nature  from  gther  sensory  impreasion^,  So  that  iu  accordance  with 
thi»  vi^w^  tlie  dictuisi  *  nihil  est  in  itth'llt^Ha  qnod  ttOri-  ftterit  Jtriu^ 
in  9pnBH '  bsea  nonti  of  Us  olJ  force — it  is  a  formula  broad  enDugli 
to  inclode  the  Kitiaisilielii;  and  Vi-Hceral  as  well  as  iha  Special 
Sertees—and  if  incorrect,  would  b«  go  as  much  in  the  oue  as  in  tlio 
r>ttier  direction. 

Ferrier  truly  saysf;— "  By  the  movemente  of  the  head  and  eyes 
we  greatly  eittend  the  aci>pe  and  compUcitto  the  facts  of  visaal 
sensution,  and  by  the  moveiucnts  of  the  limbs  the  mngo  of  tactile 
experience  13  increased  a  thoaaandfol  J."  But  he  conveys  {from  his 
own  previoua  point  of  view)  a  cotitradictory  and  erroueoQB  implica- 
tion when  he  adds: — "There  are  few  objects  of  cogDition  known 
t'>  B«  only  by  sensory  cliaractora  or  impressiona.  Tlic  vast  majority 
involve  the  activity  both  of  oar  sensory  and  motor  facultiee,  and 
our  ideas  areamixi'd  revii^al  lioth  of  ideal  movements  and  ideal 
oensations  in  their  respective  coherent  afisociations.  This  ia  eiem- 
ptified  in  the  acqniaition  and  conatitution  of  ideas  of  form*  shape, 
w*fight,  resistance  and  the  like," 

A  view  of  this  kind  (viz.,  that  *  ideal  movementy'  have  a  ha^^iB 
other  than,  and  wholly  opposed  to,  that  iisnuUy  known  as  *  sensory  *) 
la  one  now  commonly  held,  and  i*  altogether  similar  to  that 
taught  in  this  coantiy  by  Frof,  Bain.  He*  for  instance,  when 
s]*«akiog  of  Sight,  has  said  J  it  "  ia  now  generally  considered  as  « 
mixed  aenae,  and  that  tha  visnal  eonfsntiona  are  partly  muacular 
feelings  and  partly  optical  fet-Ungs.'*    Ho  adds —"In  all  tlmt 

*  This  may  be  s^eo  by  comparing  Terrier's  examination  of  the 
tnascular  sense'  question  ("  Funclioua  of  the  Braiup*"  pp.  215-227), 
with  hia  views  and  modes  of  eipreasion.  in  Chap.  3d.,  aome  atate- 
menta  in  w^hich  are  now  alxnit  to  be  referred  to, 

t  lioc.  oit.  p.  267,    t  *'  Fortnightly  fieview,"  April,  18ti9,  p.  4^, 
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r^^imla  vinibb  movements  and  vi^iUlo  forni,  the  mn&cniur  tdB 
Bciouane^^,  it  is  now  contended,  la  the  itidtspetifmbte  ci-:>nit;nt; 
the  optical  aeuHationa  merelj  guidtiig  tl^e  movements.  Naked 
onlliueg,  ks  thti  dingrama  of  Euclid  aud  tho  alpha  be  ti^'ul  churnc- 
iers  urCf  to  ea.y  tbe  least,  threu  parts  muBCular  and  cnf^  puri 
optical,  their  retontioit  us  supposed  to  depend  upon  tbe  udhetiiv« 
property  of  the  ocular  lutiadcs  and  their  nerve  centrt-a,  untl 
Dot  tipon  pnrtily  optical  circlea.  The  memory  of  a  viyiblo  form, 
as  a  rainbow,  contains  the  con&ctoUBtiess  ot  a  niu:iculur  sworpi 
the  windings  of  a  river  which»  in  the  actual  \ievT«  have  to 
he  fallowed  by  movements  of  th<?  cypj  are  reoiembcred  a.&  ideal 
luovementa/' 

Without  qupationing  the  undoubted  fact,  that  tho  mov^meuttt  of 
a  sensory  organ  mnst  greatly  iucr^ase  the  variety  of  imprc-fiaionf 
derivablti  therefromi  or  that  tliey  may  contribute  notably  to  genenita 
in  the  mind  of  the  individtiul  the  fiimlamentul  notion  of  mode»  of 
cxiatcnec  known  as '  space/  '  timt^,'  and  ^  reBistiiucc,'  it  is  xteverthtlcM 
open  for  euch  one  of  us  to  form  his  own  opinion  as  to  tbe  extent  lA 
which  'muscular  conseioiisnees '  reveals  itself  to  us  as  interwovca 
with  oar  ordinary  flight  impres&iunB^  and  many  may  jiertiaps  b« 
indincd  to  think  they  cun  dt'tect  far  ]esa  of  it  iha.a  l*rof.  Bain. 
It  id  al^o  open  to  t'ach  one  of  n a  to  tuke  a  differcttt  view  aa  lO 
the  meauiiig  and  nuture  of  what  Prof.  Buin  here  epeaka  of  aa  *  miu- 
cular  consciousness.'  He,  we  know,  regards  it  aa  a  'conconritanl 
of  the  outgoing  current,'  and  upon  this  hae,is  conniders  it  to  ba 
radically  o|jposi?d  to  all  other  modejs  of  sensibility — though  this  ia 
a  view  which  otherB  have  juHt  aa  decidedly  rejected. 

For  those,  however^  who  entertain  this  disbelief  ia  the  existence 
of  a  *  muscular  acnse'  or^maficularconscioubness*  an  a  conoomi- 
tnnt  of  the  'outgoing'  current,  and  who  coutfi^Jcr  that  the  know- 
ledge attributed  to  mch  an  endowment  ba;s,  in  reaUty,  h^n  ac- 
quired by  mean*  of  *  ingoing*  impreHflbua  emanaltug  from  the 
movinf^  parts  themselves^  the  revival  in  idea  of  such  knowledge 
must  be  ub  purely  dependent  upon  the  activity  of  Sensory  Cenlrca 
a»  are  the  prooesaea  eonciraed  with  the  revival  in  idea  of  particular 

OdoilTB. 

The  Heats  of  revival  in  idea  of  Movetnenta  of  parts  of  the  bod 
which  are  not  8e*n  (e.j.,  thoae  of  the  laryni  or  of  tho  eyea),  a" 
the  KinasHthctic  Centn^s  alone ;  whtbt  in  the  raj$e  of  Movement* 
of  parts  of  the  body  that  are  habitually  seen — Movementa  whi«h 
have  perhaps  been  learned  under  additional  guidance  from  Viaioii 
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B  double  ar  nikcd  ideal  rcfiall  occnra^  partly  hnWng  it*  organic  ba«i« 
in  the  Kiuicsthetic  and  partly  in  the  Visual  CeDtim 

It  seeniB,  therefore*  not  a  little  incousistent  to  find  Ferricr  (w!n> 
rejects  the  doctrine  of  Buiu  and  Wundt)  wnling  a9  followa ** In 
the  same  inanner  as  the  semorj  centres  form  the  organic  basia  of 
the  memory  of  seiiBory  impressiona,  and  the  sent  of  their  repre- 
sentation or  revival  in  idea.^  eo  the  motor  centres  of  tho  heiui- 
ephercs,  besides  being  the  ct^iutrts  of  diifcientiuted  ruovejiieiitB,  are 
ol»o  the  organic  h'^kulti  of  the  memory  of  the  corre^spouding  niove- 
meatSf  and  the  ettit  of  thvlr  rv-ejrcctitunt  or  ideal  rcprodHcthn.*^ 
We  have  thua  a  sensory  memory  and  ft  tmitur  iTieunnry,  eensury 
ideaa  and  matof  idt'ua ;  Hetisory  ideas  being  revived  senaations, 
motor  iVftw  hting  revived  or  nh'ul  movi'mvnU.  Ideal  mov&menia 
furm  no  Ic^B  an  import htU  element  in  nui'  Tupnliil  proccss^^  ihan 
idntUtf  rtnuved  amsntions." 

There  is  here  ai>  obvious  coiifneion  between  two  totally  diKtiiict 
centres  and  proceKses.  Ferrler,  in  fact,  by  rojecti ng  the  doctrine  of 
Bain  and  Wundt  in  reference  to  the  'mnsculur  sense,'  or  'muscle 
Cunsciou&neas.'  rejected  the  natuml  basis  upon  T?hich  Hnglilioga 
Jackson  origiuully  founded  hia  bypothefeis,  as  to  the  eiistence  oi 
*  motor  ceutrea '  in  the  Cerebral  ConvolQtioiiB.  Yeton  coming  to  big 
Chap.  "The  Hemiapherea  connidtTcd  Psychologically/*  Ferritir 
wrttta  as  though  he  had  forf^otten  this  previous  i^entioti,  aud  the 
whole  dbcuB&iou  to  which  he  had  devoted  pp,  %\b-227  of  bis  work. 
He  has,  therefore^  on  tho  one  baud,  striven  to  localize  *  motor 
centres'  in  the  Ct:rel>ral  Convoliitiona,  and,  on  the  other  hand,  he 
hiLs  deliberately  rejected  that  interpretation  of  the  philoBophical 
and  phyeiolngical  evidence  upon  whieh  the  existence  of  any  bucU 
centres  must  rest. 

Motor  cuuties,  wlierever  tLey  may  be  situated,  are  parls 
whose  activity  appears  to  bo  vibolly  free  from  eubjcctire 
concotnitanta.  No  *  ideal '  reproductions  soera  ever  to  take 
place  iu  bucIi  centres ;  tLey  are  roused  into  activity  by 
outgoing  currcutSj  aiid»  so  far  as  we  bave  any  evidence, 
the  induction  in  them  of  molecular  movements  "which, 
immediately  afterwards,  i.^sue  thruugli  ertinial  and  spinal 
*t>tor  Nerves  to  Muscles  are  simply  physical  phenomena. 


*  Italics  not  in  the  origiual  (toe,  cit.  p.  200), 
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These  processes  are  apparenUjas  frecfrooisobjectireftceom 
panimeDis  as  are  the  actiial  molecular proceaees  tlicrebv 
died  in  the  Mascle  itself.  It  is  the  altered  oondliiuu  of  tLo 
Mascle  thus  indnceil,  and  of  couti^ous  parU  aa  ooca« 
siooed  hj  the  Movement,  which  togeth^  engender  a  bodj 
of  iDgoiog  impressions,  the  termioos  for  which  is  tha 
Kinesthetic  Centre*  This,  therefore,  is  a  true  Senmnrj 
Centre,  and  in  it  '  ideal  movements '  may  be  reTivet^l^  either 
alooe  or  conjolntlj,  with  related  Visual  ImpressioDS. 

Tlie  Kiniestbetic  Outre  is,  indeed^  one  of  great  impor- 
tance. Its  impressions  enter  iDextricablj  into  a  larga 
ijoritj^  of  oar  mental  processes — as  widelj  anil  Inextric 
ably,  in  fact,  as  the  assniQed  'mascolar  coostnoosocss' 
of  B&in  is  supposed  by  him  and  others  to  be  iDtertiriued 
with  what  they  woold  distingniab  as  *  passire '  sensibilities. 
But  it  can  only  prodnce  an  eictreme  amount  of  confusion, 
if  the  activity  of  this  Sensory  Centre  is  attriboted  to  an4' 
>nfonnded  with  that  of  Motor  Centres^  the  prooeaaea  at 
which  seem  to  lie  even  more  tmly  oatside  the  sphora 
of  Mind  than  the  molecalar  processes  comprised  In  tba 
.actual  contraction  of  a  Mnscle  :  these  latter  processes  art 
at  least  immediately  followed  by  *  ingoing*  impresaiona, 
whilst  £K>  far  as  we  know — that  is  so  far  as  any  eridfiooe 
exists — the  former  are  not. 

Tbe  Cerebral  snbstrata  of  Mind,  therefore,  in  no  way 
inclnde^  as  the  writer  believes,  the  processes  taking  place 
in  tbe  Motor  Centres  of  the  Cerebranir  wheresoever  ihej 
may  be  sitnated.  Menial  operations,  in  other  words,  ean  no 
longer  be  legitimately  postulated  as  being,  in  part,  imme- 
diately due  to  the  activity  of  Motor  Centres.  Nor  ca 
'ideal  *  Words  be  rightly  described  as  'motor  processefl. 

his  is  a  point  so  fundamental  that  in  regard  to  U  th 
should  be  no  mistmderstandings  or  ambigaities,  olher 
ose  which  may  he  inherent  in  the  sabjed  itself. 
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GPEAraxa,  reading,  and  wtitTi^jo ;  as  mentai,  and  as 

rilYSIOLOtilCAL  PROCKfiSES* 


Tub  views  aiiived  at  in  tiie  last  chiiptur  will  be  found 
to  barraoTiisce  well  with  what  is  known  as  to  the  mode  in 
wbich  tliC  fannlty  of  Artici]Iato  Speech,  to^^etiier  with 
tbe  superadded  accomplishments  of  Reading  and  Writing, 
are  acquired.  A  praliminary  cousidci-atioa  of  thosQ  suh- 
jccts  will,  moreover,  facilitiite  our  comprehension  of  ths 
various  doftjcts  in  the  poiver  of  Intellectual  Expression 
(whether  by  Speech  or  Writing)  liable  to  be  produced  by 
different  kinds  of  Brnin-diRi'aHc  :  and  the  study  of  the  latter 
Bubject  is  most  important  for  the  psychologist*  Its  inves- 
tigation baa  ahfeady  revealed  some  very  interesting  facta  as 
to  the  order  and  precise  relations  of  varioua  mental  pro- 
cessesi,  as  w^ell  as  concerning  their  relationship  to  the  func- 
tional activity  of  particular  tracts  of  Brain-tissue*  We 
are,  indeed^  in  this  manner  alTordod  the  nearest  approach 
that  is  poflsihlo  to  an  experimGUtnl  investi^ion  of  such 
Bubjects.  A  close  scrutiny  of  the  uecoasary  details  will, 
whilst  furtherin*,'  our  knowlcdt^'e,  servo  also  (as  a  result 
of  this  knowledge)  to  increase  our  chance  of  being  able  to 
bring  amelioration  to  the  fiufferera  themselves. 

That  Thought  in  all  its  higher  modes  ciiunot  bo  carried 
on  without  the  aid  of  Language  is  a  proposition  which 
will  be  almost  universally  admitted  if  we  use  the  latter 
term  in  its  broadest  sense:  For,  as  Thomson  says,* 
*    Laws  of  Thought,"  18W,  p.  27* 
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**  Language,  in  its  most  general  acceptation^  might  he 
ttescribed  as  a  mode  of  esprcs&iiig  our  tliougbts  by  meaDS 
of  motions  of  tlie  body  ;  it  would  thus  inclade  spoko" 
words,  cricB,  involuntary  gestures  tLat  iudicai©  tlie  feel- 
ings, even  painting  and  sculpture,  together  with  lliosa 
contrivances  which  replace  speech  in  Bitiiations  where  ' 
cannot  be  employed."  Articulate  Speech,  in  one  or  otbL»r 
ol'  its  modes,  is,  however,  the  process  which  (for  ordinary 
human  beings)  is  found  to  be  inseparably  related  wit*' 
their  Thinking  proccBSea.  Speech  is,  indeed^  nothing 
elwe  than  *'a  system  of  articulate  worda  adopted  by  con- 
vention to  represent  outwardly  the  internal  procesa 
Thinking/' 

Taking  the  Human  Kace  at  the  present  stage  of  i 
history,  when  most  elaborate  Languages  have  long  ag 
been  acquired  by  different  sections  of  it,  we  may  now 
briefly  set  forth  the  principal  steps  by  which  individusl 
children  learn  to  undorstiind  one  of  these  languages  ;  how 
afterwards  they  learn  to  Speak,  to  Rcad^  and  to  Writs 
and  to  what  extent  the  BymboJs  involved  in  these  rario " 
proceaaea  recur     the  Mind  as  the  framework  of  Though 

A  bticf  sketch  of  the  nature  of  the  processes  involvfd 
in  these  acqiiisittons  was  attempted  by  the  writer  in 
in  an  article*  entitled  the  "Physiology  of  Thinking," 
and  from  this  a  few  quotations  may  now  be  made, 

"  The  young  infant  firat  begins  to  diatingnish  aatund 
objects  from  one  another  by  differencBs  in  shape,  colour, 
touch,  odour,  etc.,  which  these  may  present  to  its  diflfereu 
senses  ;  it  is  then  tanglit  (slowly  and  with  difliculty) 
associate  someobject  possessing  cettain  combined  attribu 
by  which  it  is  Temembered,  with  a  certain  articulate  Jiow 
which  has  been  often  repeated  whilst  the  object  is  poin 
at,  till  by  dint  of  continual  repaLition  this  sound  (or  wo 
*  **  Fortnightly  Tlovicw/'  January,  1863, 
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becomes  so  identified  with  the  vanoas  attributes  of  the 
object  that,  when  heard,  it  invariaijly  rpcalla  to  memory 
the  object  of  which  it  may  now  be  suid  to  forna  a  kind  of 
additional  attribute,  juBtaa  the  sight  or  touch  of  the  object 
vdli  in  turn  *cull  up  the  memory  of  the  mund  which  has 
been  employed  ag  its  designation.  At  first  these  articu- 
late sounds  (or  spoken  words)  are  only  conoected  with 
external  objects,  thouf:jh  soon  certain  adjectives,  Bignifying 
approval  or  disapprov^il,  are  added  as  qiinlifying  sounds, 
By  degrees  the  uambcr  of  nouns  and  of  adJectivoB  in  use 
increases,  and  also  other  parts  of  speech  are  added. 
.  ,  .  -  ,  the  process  of  Icaiiiin^  is  tbe  same  in  all 
cases,  whether  the  spoken  sound  is  to  be  associated  with 
an  external  object,  with  an  emotional  condition,  or  with 
a  conception  of  the  mind  :  first,  it  is  necessary  that  wo 
should  be  able  to  recollect  and  identify,  when  aij^'ain  pre- 
aented  to  consciousness,  either  the  set  of  attriluitefl 
belonfjing  to  the  object,  tbe  peculiarities  of  tbe  emotional 
state,  or  of  the  intellectual  coni  eption  ;  and,  secondly, 
that  we  should  be  able  to  recollect  the  particular  vocal 
sounds  wbich  have  been  associated  with  these  several 
modificatioua  of  consciousness  when  previously  existing, 

 Tbis  is  tbe  iirat  stage  passed  through  in 

the  acquirement  of  a  hiuguajj[o — it  is  the  mere  learning 
to  associate  particular  soumh  with  particular  mental  im- 
pressions, which  u8i>ottiatLoQ  at  la^t  becomos  so  strong  as 
to  be  almost  inycpurable,  tbe  thing  unfailingly  recalling 
to  memory  the  sot^nd^  and  the  Articulate  sound  as  surely 
conjuring  up  a  more  or  less  vivid  idea  of  the  thing*  In 
the  process  of  Naming,  tbL*refore,  thors  is  involved  not 
only  a  simple  act  of  memory^  but  also,  aa  Herbert  Spencer 
has  pointed  out,  tbe  germ  of  a  reasoning  process  in  the 

form  of  a  simple  act  of  inference  it  would 

seem  pretty  obvious  tbat  so  far  as  tbo  infant  thinks  by 
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nieftcis  of  language,  it  does  so  by  means  of  tiie  reoternhfttd 
Sfiundfi  of  worjfs — tlioso  are  its  liuguisLic  syLnbols  of 
thought,  which  must,  however,  be  mixed  np  iuextricnlOj 
in  ita  mind  with  other  senso-impreasions,  and  tooro 
especially  with  those  of  sight.  For  it  may  fairly  be  suiil 
that  the  great  majority  of  children  can  romt^mber  the 
names  given  to  many  external  objects  when  they  are  fowr 
or  five  months  old ;  their  memory  in  this  respect  cou- 
titiQully  increasing  through  succeeding  months,  even  whilst 
they  still  make  no  very  distinct  effort  at  articalating  words 
for  themHclvcs*'^ 

The  next  step  is  the  development  or  aequirem^^Dt  hf 
the  individunl  child  of  the  power  of  articulating  for  him- 
self the  Bounds  which  havo  hitherto  been  incretiaiii^jly 
employed  as  mental  symbols.  The  potentiality  of  attaiu- 
ing  to  such  a  power  the  child  receives,  iu  the  main,  as  an 
inheritance  from  so  mnuy  antecedent  generations  of  men> 
that  its  actual  manifestation — the  acqaisition«  that  is,  of 
the  power  of  Spuakiug^ — can  only  he  regarded  as  a  motor 
achievement  of  an  order  similar  to  some  of  those  which 
may  be  included  among  the  Instinctive  Acta  of  lower 
animals:  the  similarity  being  not  so  much  with  the 
Iu8tinctive  Acts  that  animals  are  born  nith  the  capacity 
of  performing,  but  rather  with  those  which  manifest 
themselves  a  little  later  in  life,  and  which  (from  their 
more  gradual  acquirement)  might  be  thought  not  to  bo- 
Instinctive  Acts  at  all  (p.  501).  j 

A  process  of  '  learning '  to  Speak  intervenes  in  part 
in  the  former  case,  but  it  ia  whilst  the  inherited  struc- 
tures  are  nndergoing  devclopmeai  iu  the  child's  NerrooB 
System, 

*'  A  certain  order  of  development  is  always  observed  in 
the  vaiions  parts  of  the  human  body,  and  this  holds  good 
also  with  regard  to  the  several  parts  of  the  nerroas 
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syaleni  Even  Ihouf^h  the  cliilJ  acquircB  the 

power  of  latteiinp;  articulate  sounds  slowlj,  still  when  w© 
think  of  the  delkacy  of  the  mu  scular  combination  a 
TjecGSsary,  and  of  the  almost  iDstinctive  way  in  ■which 
they  are  biou^'ht  about,  we  shall  rather  bo  impressed  with 
the  notion  ihnt  tins  could  not  have  been  accomplished  at 
nil  hnd  nt>t  the  infant  been  bom  with  a.  nervoua  eystem 
tending  to  develop  itself  in  certain  special  directions,  and 
tiiiis  mitking  the  performance  of  the  highly  complex 
j  uiuaciiliir  acts  necessary  for  articulate  fipoech  a  possibility. 
I  Slowly  elaboriiled  developments  of  the  parte  of  the 
I  Medulla  and  of  the  Brain  concerned  in  the  acts  of  spoecli, 
we  may  proBiime  had  taken  place  in  remote  individuals 
of  the  parent  race,  as  they  acquired  additional  powers 
in  this  ?\sp£?ct;  and  the  power  of  developing  eimilar 
structural  connections  hr'tween  nervo  cells  and  nerve 
fibrea,  thus  established,  having  been  banded  down  and 
gradually  rendered  more  perfect  by  hereditary  transmis- 
sion thronn;h  countless  succcedinfr generations,  the  infant  of 
to-day  is  bom,  percliance^  with  the  potentiality  of  develop- 
ing a  nervous  syKtem  as  complex  and  as  perfect  in  this 
i-espect  as  any  which  may  have  preceded  it  in  its  own 
ancestral  line.**  A  slowly  growing  mechanism  of  this  kind 
becomes  perfected  under  the  influence  of  suitable  stimuli 
of  a  volitional  order,  which  here,  as  in  the  case  of  the 
acquirement  of  new  motor  powers  by  an  adult,  have  an 
unquestionable  though  an  unexplained  influence  in  bring- 
ing about  the  development  of  nerve-tisBues  in  the  Centres 
to  which  they  are  directed  (see  p.  563).  *'  This  impetus, 
we  may  presume,  is  given  by  the  passage  of  nerve-currenla 
downwards  from  those  superficial  porlioua  of  the  cerebral 
hemispheres  concerned  in  the  acta  of  intellcctnal  percep- 
tion and  of  memory,  to  thowe  parts  which  are  the  motor 
concerned  in  articulate  speech." 
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'*At  first  tLt>  child's  aitionlntorj  cupaeily  is  cohGd 
to  mimicking — ihnt  is  to  sny,  it  rcpcuts  such  wards  onl 
as  have  ju&t  been  spoken  to  it ;  but  after  a  time,  wb 
the  act  of  emitting  this*  Bound  has  become  perfectly  en. 
by  constant  repetition,  the  cLild  gives  ntteranc*  to  it 
its  own  accordf  on  the  mere  sight  of  the  object  wit 
which  the  sound  was  originully  associated  in  its  mind 
This  then  is  thu  second  stn^^e  in  the  acquirement  of  Jan- 
gnage  ;  and  the  child  only  slowly  attains  to  a  more  perf 
performance  of  the  mental  and  motor  processes  iaroived. 
After  a  time,  howeverj  Thought  and  Language  become  in 
separably  a&sociatod,  so  that  words  are  voluatarily  recall 
by  the  renewal  of  previous  nerve  actions  in  the  Audito 
Perceptive  Centres,  and  such  nerve  processes  are  follow 
by  the  complex  combination  of  museular  actions  concerned 
in  the  articulation  of  the  several  words  as  they  arise 
Thought* 

Since  the  foregoing  views  were  expressed  and  pub- 
llBhed,  the  writer  haa  met  with  an  altogether  unexpected 
contirmation  of  their  truth.  In  the  year  1877  he  was 
consulted  concerning  the  heaUh  of  %  boy,  the  son  of  a 
leading  barrister,  who  was  then  twelve  years  old,  and 
had  been  subject  to  '  iits  '  at  intervals.  The  Srst  fits 
occurred  in  infancy^  when  the  patient  was  about  ni' 
moiitba  old,  Towarda  the  end  of  the  second  year  the 
fits  fieemed  to  have  ceased,  and  the  child  appeared  su 
ciently  intelligent^— to  be  well,  in  fact,  in  all  respects  exce 
that  he  did  not  talk.  When  nearly  five  years  old  the  Utll 
ftfUow  still  had  not  spoken  a  single  word,  and  aliout  thii 
time  two  eminent  physicians  were  consulted  iu  regard  te 
his  *  dumbness.*  Jiut  before  the  expiration  of  nnotbiT 
twelve  moDthn,  as  his  mother  reports,  on  the  occitHion  of 
an  accident  happening  to  one  of  his  favourite  toys,  be  su 
deuly  exclaimed,    What  a  pity  !  "  though  he  had  nev 
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previously  spoken  a  Bingle  word.  The  same  words  could 
not  be  repeated,  nor  were  others  spoken,  notwithfitanding 
all  entreaties,  for  a  period  of  two  weeks.*  Thereafter  the 
boy  progreased  rapidly,  End  speedily  became  most  talk- 
ativo.  When  seen  by  the  writer  he  spoke  in  an  ordinary 
manner,  without  tbo  leant  sign  of  impediraent  or  defecL'f- 
No  explanation  of  such  facta  seems  possible,  except  on 
the  supposition  that  Speech  has  now  become  a  truly 
automatic  act  for  biiuian  beings,  and  that  if  children  do  not 
Rpeak  at  birth  this  ia  in  tho  main  due  to  the  fact  that 
their  nervous  systems  are  etill  too  immature.  But  when, 
in  the  natural  course  of  development,  the  pnrte  concerned 
have  Ijecome  propt^Hy  elaborated,  the  highly  complex  move- 

*  An  emotional  ia  much  atron^r  than  a  volitional  Etimulus — 
a  tiling  of  higher  tension— sci  tltat  it  maj  occaaioaallj  force  its  way 
tibn^  ohanndii  anil  a^ingtreffiatanc^a  wliicb  the  volitional  atiuuluB 
alone  haia  been  unable  to  overcome,  niustmtiona  of  this  aro  fre- 
qnently  to  b«  met  with  QTnonjf  peraoas  who,  from  tbo  effects  of 
dis«is«,  have  U'ltipornrilj  lost  the  poworof  epeaking.  Sncli  indi- 
vidaah  occasionully  utter  some  ^Tord  or  short  phra^  under  the  in^ 
lluHnre  of  Kmotinn  which  thi*j  are  afterwards  qtiUe  unable  to  repeat. 

+  Although  there  i*eemed  no  room  for  doobt  aa  to  the  credihilHy 
of  the  above  nnrrative,  &til1,  on  account  of  the  eitraordinnry  naturo 
of  the  factB,  it  may  be  well  to  remark  that  it  was  completely  con- 
firmed by  the  gqverDeaa  who  had  prevlouely  hatl  thii  cure  of  th^ 
child,  and  who  wua  present  on  the  occa^iioD  of  this  first  and  un* 
taught  act  of  Articiilat^ii  Speech.  A  proof  of  this  sheet  has  alao 
been  submitti^d  to  the  father,  who,  in  reply  to  my  enquiry  as  to 
whether  anything  required  to  be  altered  in  thtj  account  above  given^ 

writea  (Jrtfi-  9lh,  188.1; ; — "The  statement  aa  to  my  boy  A  •  is 

perfectly  correct.**  On  mentioning  thia  cose  to  a  diatingniiihed 
phyfiiciuu,  he  iuformed  me  of  a  cloflely  related  fact.  His  eldest 
djni^fhter  up  to  the  age  of  two  years  had  not  walked  a  step,  or  even 
trieU  to  walk,  when  one  day  he  put  her  down  in  the  standing  position, 
and  to  hiH  great  surprise  as  well  an  to  that  of  the  narse^  she  walked 
from  one  eitle  of  the  room  to  the  other,  Thi*  also  was  an  antau^ht 
act|  as  theru  had  been  no  previoua  ttlah  and  failures  (see  p. 


608    SPEAKING.  KEAUING^  WRITING:  AS  MIXTAI. 


meols  coQcemed  in  Speecb  toftt,  oiideT  cerUin  cimtt* 
vUnees,  he  mi  once  called  into  pUj,  iodepeadentij  of  pr^ 
rioiis  trials  and  fkilum — just  ta  the  ncrrom  mwbBuiiM 
eoneeiDed  with  the  act  of  sucking  tnay  be  called  into  pftiy 
in  the  btim&n  inCaDt  st  tbe  time  of  btith,  oa  the  pmn- 
tation  of  its  proper  stimiilDS.  Xo  math,  nntanght  mdtm  «f 
G^teecb  wotUd  bowoTer  be  possibKe^  nnlaa  defclopmrtit  haA 
been  tAking*  place  in  the  normal  manner^  and  imleaB  the 
Aaditorr  Sense  and  Intelligenee  were  nnafcrted,  Tbe 
mimifefttation  of  attempts  at  ^»eech  are  anppyed  in  thti 
emse  to  hare  been  merelr  retarded  bj  eame  dsgfat  and 
quaat-tcddcntftl  conditions,  such  as  are  nrram—lly  open- 
tire  in  childhood — especiallv  in  those  who  nfler  firm 
epileptic  or  otber  convulsions. 

Without  an  instance  of  this  sort  coming  alnnort  imder 
one's  ovm  coguizanee,  neither  tbe  writer  nor  anj  Odo 
might  have  been  incliued  to  bestow  maeh  credence  apoa 
two  very  &tm£iar  caaes,  the  ncorda  of  which  have  eom 
down  to  OS  from  writers  of  antiqnily.* 

The  SOD  of  CrtBsns  who,  according  to  HerodotoSv't'  had 
never  been  known  to  Bpeak,  and  who$e  care  had  been  ia 
Tain  attempted,  was,  at  the  dege  of  Sardis,  90  orcicoaae 
with  astonishment  and  t^^rror  at  seeing  the  king — his 
father — in  danger  of  being  killed  by  a  Per^n  aoldier, 
that  Le  CTdaimed  aload — Atj$fna^€  firf  sjuy^  K^oicoi*— 
"Ob,  man^  do  not  kill  CrcEsuii !       This  was  the  tirst  time 

*  Tlie  real  import  of  tfaese  latter  cases  does  not  seem  to  have 
been  apprebraded,  dtlirr  hj  thorn  ongioallj  recordip|;  t|i«tn  or  by 
a  modern  writer  wbo  baa  latelj  re&rrcd  to  them  f'Batnnaii,  **  Da 
Aiibaata,**  p.  138)    It  need  Maroeljr  be  pointed  out  that  tbe  teddra 
Wf^Dning  to  speak  for  tl&e  first  time  wilhoot  prerioiis  (imlooged 
tnaU  aod  CailareR,  is  a  matter  xaAtXy  timasoeadia^  in  iaportaefiS 
II  mumptttm  of  Spee^  when  H  bat  been  for  a  whUf 
I  in  consrqticvre  of  Braio-diseasB. 
t  -flerodH*'  Hiat. 
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be  had  ever  articulated,  tlioughLe  is  said  thereafter  to  Lave 
retained  the  fiieulty  of  Speech  as  long  &n  he  Hved.  Again, 
it  appears  that  Aulas  Golliaa,*  after  reppitting  the  above 
story  frora  Herodotus,  relates  a  similar  fact  in  the  following 
ternia; — Sed  et  qnispiam  Samiua  athkta,  nomen  illi  fuit 
Aiy\i)9i  qnnm  antea  non  lofjuens  fuissetj  ob  similem  dicitnr 
caut^am  luqui  coepisse*  Nam  quuoi  in  sacro  certamine 
aortitio  inter  ipsos  et  adversarios  non  bona  fide  fieret,  et 
sortem  nominia  falsam  suhjici  animadvertisBet,  repente 
in  eum,  qui  id  faciebat,  Bcse  videre^  qtiid  faceret,  magnnni 
inclamftvit-  Atque  in  oris  vinculo  solutua,  per  omne  inde 
vitiB  tempos^  non  tnrbidc  neqne  adhfose  locutus  est." 

The  powers  of  Reading  and  of  Writing  are  accom- 
pliKhiuenta  auporad<led  to  that  of  Articulate  Speech. 

The  child  has  already  learned  to  associate  certain  ob- 
jects, or  particular  states  of  consciousness,  with  definite 
Souuda  (or  Nimiea) ;  he  Laa  further  gained  the  power  of 
articulating  these  namea  for  himself;  so  tliat  when  he 
begins  to  learn  to  Read,  he  fjradQallj  builds  up  a  still 
further  '  association,*  by  which  certain  written  or  printed 
hieroglyphics,  representing  letters  in  definite  combina- 
tiona,  are  linked  to  the  already  known  states  of  con- 
Bciousnesa  (Perceptions,  Ideas,  &c.)  and  their  sound  repre- 
sentativea.  The  p^eviouH  combiuatious  are  therefore  sup- 
plemented by  being  correlated  with  now  visual  symbols ; 
and  it  seems  certain  that  in  the  act  of  Beading  iho 
words  which  are  primarily  perceived  In  the  Visaal  Centre 
would  almost  simuttaueouslj  recall  the  corresponding 
Bounds  in  the  Auditory  Centre,  as  part  of  the  perceptive 
process  involved  in  this  act^f  From  the  Auditory  Centre 
•  **  Koctes  Attica5,"  lib,  v.  cap.  is. 

t  Whore  tliia  cannot  occur  it  tnnBt  be  more  difficult  for  the 
person  to  iinderel^nd  wliat  h  read,  and,  aa  may  be  seen  from 
bat  tbIlowB  (p,  t>-tl),  it  may  be  imposuible  for  him  to  rtftd  aloud. 
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the  stimuli  inciting  to  the  urticnlal-ioE  of  the  corre* 
Bponding  words  would  th^n  pass  to  the  Motor  Centres 
in  precisely  the  same  manner  as  in  the  case  of  orJinAr^ 
Speech— whatever  the  precise  course  pursued  by  these 
Biimaii  may  be,  and  howsoever  they  may,  on  their 
ronte,  come  into  relation  with  those  portions  of  the 
Kinesthetic  Centres  that  are  concerned  w-ith  Sp*;ecU- 
movcmenta. 

With  reference  to  the  process  of  Writing,  it  almost 
invariably  happens  that  this  accomplishment  is  acquired 
after  the  individual  has  been  taught  to  Speak  and  to  Bead 
more  or  less  perfectly.  During  this  course  of  instruction 
the  pupil  learns  to  associate  the  visual  perceptions  of  the 
separate  lettcrfl  of  words  with  certain  muscular  move- 
ments of  the  hands  and  fingers  necessary  to  enable  him 
to  produce  the  written  letters  for  himself,  and  aftorwards  hi 
join  them  together  ao  as  to  represent  words.  This  involve* 
a  long  and  tedious  process  of  education,  and  the  mas- 
cuhir  movements  which  are  ultimately  learned  are  in  all 
jirohability  more  intimately  associated  with  sight-peitsep- 
tions  than  with  sound-perceptions ;  though  of  course  the 
Word  as  a  revived  sound-perception  may  be  said  to  exist 
also  during  the  act  of  Writing.  The  muscles  of  the  upper 
extremity  being  also  to  the  fullest  extent  voluntary 
muscles,  and  therefore  very  difTcrent  from  those  concerned 
in  the  acts  of  Speech,  the  whole  process  of  learning  to 
write  is  one  which  comes  much  more  within  tire  ken 
of  our  eonsdousncas  than  does  the  otherwise  parallel 
process  of  learning  to  articulate  words." 

We  ought  therefore  to  have  much  more  power  of  re- 
calling '  in  idea  either  (a)  the  '  volitional  efforts  '  that 
were  needed  to  enable  ns  to  Write  words,  or  (h)  tliat 
'  muscular  consciousness '  spoken  of  by  Professor  Bttia 
as  repreBentiiig  the  particular  states  of  tension  of  the 
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individual  musclea  employed,  tban  we  could  ever  expet^t 
to  havo  of  the  volitional  efibrta  Bceded,  and  of  tho  states 
of  tension  of  individual  muscles  of  the  larynx  and  other 
parts  involved  in  Articulfite  Speech, 

But  the  objections  to  tUese  two  modilicatioua  of  tlie 
view  promulgated  by  Hnghlings  Jackson  and  others,  tbftt 
Words  are  revived  in  tbou^rljt  as  *  molor  processes',  bavo 
been  already  considered  (pp*  594,  691)  and  shown  to  be 
insuperable.  We  found  good  reasons  for  believing  tlmt 
the  impressions  referred  to  (aa  well  for  epoken  and  for 
written  words  as  for  all  other  muscular  movements)  are 
neither  anterior  to,  nor  concomitants  of  'outfroing  cur- 
rents \  hut  dibtinctly  sequential  to  the  pansage  of  such 
currents — that  they  are,  in  fact,  due  to  *  ingoing  ctiiTenta  * 
derived  from  the  moving  parts  themat'lTes. 

Looked  at  from  this  newer  point  of  view,  we  may  first 
consider  the  question  of  the  degree  of  detiuitenesg  and 
recoverability  of  the  KinoDBtbof  ic  Impressions  derived  from 
Writing-movements. 

How  almost  impoBflible  is  any  gucb  recall  to  conscious- 
DCR9,  and  bow  vague  and  blank  a  feeling  in  asfiodated 
with  the  attempt,  as  compared  with  the  rct^all  of  a  Visual 
or  of  on  Auditory  Impression,  any  one  may  ea&ily  convince 
liimBelf  who  will  make  the  following  simple  experiment* 
Let  him  close  his  ej^es,  and  with  pen  in  httnd  make  move- 
ments in  the  air  as  though  he  were  writing  the  word 
'  London,*  He  may  thus  assure  himself  thai  he  ban  a 
set  of  seuRationa  accompimying  these  movements.  After 
an  interval,  say  tho  next  day,  let  him  again  close  bis  oyea, 
and,  without  making  any  movement,  attempt  to  recall  *  in 
idea'  the  muscular  and  other  scDsationa  he  previously 
experienced  when  writing  the  above-mentioned  word.  Let 
him  then  contrast  bia  comparative  powerlesfmess  in  this 
direction,  with  his  ability  to  recall  in  idea  the  visual  ap- 
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penrance  of  lliis  word  when  writUn  or  its  correspoD 
Bound. 

From  this  etand-point  we  may,  in  the  Eccond  p 
look  to  the  rtiltitivo  defiuiteness  and  recorerabilitj  of 
Ki  1180 9th t! tic  iBfiprossions  consequent  upon  Spoech-mov 
ments,         may  find  thon,  that  tbo  Impressions  wbi 
accompany  actual  Speech-movements  for  diffcirent  wo~ 
cnu  only  vaguely  bo  realized  as  distinct  from  one  anothe 
and  that  they  are  certainly  far  less  distmclive  than  t' 
Kinesthetic  Impressiona  derived  from  the  acts  involve 
in  Writing  diflferent  words,    Tbc  general  rule,  that  tbc 
Taguer  the  Sensation  the  lower  ia  its  degree  of  recoTemUility 
in  Idea,  certainly  holds  good  here  also— as  any  one  may 
discover  who  will  make  the  necessary  comparative  trials. 

Thns,  slight  as  may  bo  the  power  of  recalling  I*- 
Kinaisthetic  Impressions  derived  from  Writiug^  the  ablli* 
to  recall  thoa©  occasioned  by  Si>eech  ib  even  less.  U 
that  there  should  be  euch  a  difierencd  is  no  other  thnu 
might  have  been  espeeted,  einco  a  precisely  similar  dif- 
ference obtains  in  regard  to  impressions  from  *  antomoUc  ' 
movements  generally  as  compared  with  thoae  of  ft  mora 
*  voluntary '  order* 


CHAPTER  XXrS, 


THE  cerehhaij  relations  of  speech  and  thought. 

UR  powers  of  Perception  or  Apprehension,  of  Thinking 
€>r  Keaaouinf^,  of  Speaking,  Naming^  Writing — even  of 
expressing  Thoughts  bj  Gestures  or  the  simplest  Signs — 
are  all  depeiideut  upon  cerebral  proceHses  very  complexly 
interrelated,  as  may  have  been  gathered  from  wLitt  Las 
already  been  said.  Much  attention  has  of  late  years  been 
given  by  physicians  and  pathologists  to  the  investigatiau 
^^f  disturbances  of  the  normal  relations  existing  between 
^ppiese  several  processes,  brought  about  by  limited  lesions 
or  injuries  of  diilerent  poiiione  of  the  Brain.  An  analysis 
of  some  of  tbe  typical  conditions  thus  revealed  will  throw 
more  ligbt  than  could  otherwise  be  done  upon  the  manner 
in  which  Cerebro-mental  processes  are  correlated  with  one 
anotber.  It  will  #erve  to  convoy  some  faint  outli]ie  of  the 
noode  in  which  the  higher  processes  of  Sensory  Apprehon- 
eiou,  Thought^  and  Intellectual  ExpreBsion  (and  conse- 
quently of  *  Vohtion  ')  are  dependent  upon  one  another, 
and  also  of  the  mode  in  which  these  processes  are  related 
to  the  activity  of  some  imperfectly  defined  areas  in  the 
cortex  of  the  Cerebral  Hemispberes* 

What  ia  now  to  be  set  forth  by  means  of  ilhiatraliODS 
selected  from  some  of  the  abnormal  mental  conditions 
produced  by  Cerebral  Disease,  whilst  it  ^'ill  suffice  to  test 
and  illustrate  the  accuracy  of  the  views  expounded  in  the 
last  chaptiT^  may  also  be  regarded  as  the  continuation 
of  what  has  been  said  in  Chapters  xxiv.  and  xxT.  Wu 
37 
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there  souf^bt,  with  tlie  ligjlit  ftllbrdcd  hy  expenmmiB 
lower  animals  Biipplemeiited  Ly  cliiiictil  and  |Mj,tlioIogiM 
invesligntioi],  to  trace  'in^joing'  iruiirrssions  from  their 
seats  of  otigimitioD  to  ceituin  portious  of  the  Cerebi 
Cortex :  the  regions  whence  Volitional  and  other  *  oat- 
going  '  stimuli  from  the  C&rebral  Cortex  ^rere  giTen  off, 
were  also  indicated— so  far  aa  they  are  at  present  known. 
Our  object  now  will  be  to  throw  some  little  light  upon 
the  extremely  complex  processes  which  have  been  Buper- 
added,  or  that  have  grown  out  of,  the  processes  imnie- 
dialely  excited  in  the  Cerebral  Cortex  by  the  iucidencti  of 
iiigojiig  impressions — and  as  a  result  of  which  outgoing 
stimuli  pas8  over  to  motor  centres,  for  the  performance  of 
Voluntary  Acts  and  for  Intellectual  Expresmoo  generallji 

\Ve  shall  mako  a  faint  attempt,  therefore,  to  begin  to 
unravel  the  order  of  the  incalculably  complex  iiitermeditte 
processes  taking  place  in  the  highest  nerve  centre  of 
the  highest  animal  between  the  incidence  of  *iugoing* 
and  the  exit  of  *  outgoing  *  currents.  Such  actions  are  to 
be  regarded  as  elaborations  of  one  median  part  or  stage 
the  typical  '  rt  flc^x  process/  as  it  occarB  iu  lower  organiH 
or  in  the  lower  nerve  eetitroa  of  higher  •rganifims. 

Any  attempt  to  gauge  and  understand  the  Men' 
processes  of  lower  animals  was  found  to  bo  uecossari 
dependent  upon  the  study  of  their  Actions  under  p 
ticular  conditions.    Similarly,  our  attempts  to  gau*(e  an 
undcrsLand  the   Thought-processea  of  our  fellow-men, 
must  rcet  uUimaltdy  upon  a  study  of  their  Actions,  or  : 
the  results  of  their  actions,  as  embodied  in  Spceclu 
Writing,  or  other  products  of  the  movements  which  they 
have  evoked  for  purposes  of  Intelloctaal  Expression,  In 
place  of  the  mere  emotional  signs  and  gestures  of  low 
animals^  the  accumulated  results   of  the  movenien 
employed  in  Speech  and  Writing  for  generation  afbpr 
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generation,  have  been  nviiilable  in  the  case  of  man  for 
the  building  up  of  that  great  department  of  human 
knowledge  known  as  Objective  Psychology. 

Our  aims  now,  however,  are  differeiit  from  what  they 
ere  in  the  earlier  cliapters,  when  considering  the  mental 
procassoa  of  lower  animals.  We  were  then  principally 
concerned  with  the  endeavour  to  ascertain  something 
to  the  nature  of  these  mental  processes,  in  order  to 
learn  whether,  or  to  what  extent,  they  were  similar  to 
those  of  Man.  It  was  nece&sary  to  ascertain,  in  faot, 
whether  the  general  similaiity  in  structure  of  their  Ner- 
t^ystem,  carried  with  it  a  general  Himikritjr  in  mode 
of  action.  But  now  we  are  not  coucerotd  so  much  with 
the  estimation  of  the  nature  and  extent  of  Man's  mental 
^werSt  as  with  (a)  the  uaturQ  and  order  of  the  processes 
involved  in  Thou^^ht  and  Intellectual  Expression  ;  and 
b)  with  the  endeavour  to  rcfur  some  of  these  processes  to 
e  activity  of  definite  parts  of  the  Hrain.  These,  in  fact, 
are  the  liiml  questions  needing  consideration,  in  order  to 
complete  our  necessarily  imperfect  sketch  of  what  is  at 
esent  known  concerning  'the  Brain  as  an  organ  of  MindJ 
In  the  first  of  these  analytical  studies  we  have  brieJly 
to  consider  some  of  the  more  typical  of  the  various  defects 
in  Perception,  Verbal  Memory,  Thought,  and  Intellectual 
Expression  (wither  by  Speech  or  Writinf^)»  which  have 
been  observed  as  results  of  disease  or  injury  in  dilVereut 
parts  of  the  Cerebral  I^emispherea. 

The  great  importance  of  the  due  activity  of  Iho 
nditory  and  Visual  Preceptive  Centres,  and  the  absolute 
dependence  of  the  great  bulk  of  our  intEtllectual  percep* 
tions,  of  our  memory  of  w*orda,  and  of  our  powers  of 
thought,  as  well  as  of  intellectual  expression,  upon  the 
functional  integrity  and  proper  inter-actiou  of  these  parte 
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may  have  been  gathered  by  the  reader  as  probabilities  fro 
-what  lias  already  been  said  (see  also  p.  637,  footnote 
These  conclusions  will  now,  however,  be  confirmed  ' 
illuBtrationa  drawn  from  the  histories  of  certain  carefully 
selected  exan^ples  of  Braiii-disease. 

It  mnst  continually  be  borne  in  mind  by  those  wh 
fetndy  these  examples,  that  each  Perceptir©  Centre 
capable  of  beingj  called  into  activity  in  three  modes : 
(1)  By  means  of  external  Imprtissiona ;  (2)  by  '  Associ 
tion ' — that  is,  by  impulses  communicated  from  another 
Centre,  during"  some  act  of  Perception  or  durin*;  some 
Thought-proceBH ;  and  (3)  by  '  Voluntary  *  recall  of  paa^ 
impreasious,  as  hi  an  act  of  Recollection,* 

The  excitability  of  the  Centres— that  is,  the  molecul 
mobility  of  their  constituent  tissue-elements,  may  v 
much  with  age,  state  of  health,  or  dilf^reut  morbid  caudi- 
tions.  Their  mobility  may  be  bo  much  hnemd^  Oiat  th 
are  only  capable  of  respoudiDgto  powerful  siimuh  ;  &o  tl: 
whilst  ^  VoUtionnl  *  recall  or  Recollection  may  be  impo»' 
sible  or  difficult  within  their  province,  they  may  atill  be 
capable  of  BctiBg;  in  *  Association  *  wit-h  other  centres 
(that  is  in  an  automatic  manner  daring  an  ordinar}'  pro* 
ccsB  of  Thought),  and  still  more  easily  under  the  'sensory' 
stimulus  or  external  impression  which  is  the  forerunner 
a  Perceptive-proc5sa»  At  other  times^  the  excitability 
Perceptive  Centres  may  he  unduly  txalted,  so  as  to  lea 
to  hallucmations,  illusions,  and  a  wholly  dilferent  class 
defects  often  met  with  among  Insane  persons,  but  whi 
will  not  here  be  conaidered. 

Again,  the  Auditory  Word-Centres,  the  Vianal  Wo 
Centres^  and  the  double  Kinteslbetic  Word-Centres  (vis., 

*  Tln*Me  second  and  tliird  modes  of  activity  are  probal^ly  cinscly 
rotated  to  one  aDotlier,  thoqgh  we  have  no  definite  ki]oiTlcMi]g<e  coo- 
ceming  the  procesBed  invfdved  in  the  lutier 
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those  in  rektioE  with  the  movements  for  Speech  niij  for 
Writiwp)  arfe,  of  course,  only  purtSf  tltouyh  probubly  dis- 
tinct and  extensive  pjiiis  of  the  respective  cerehi-iil  Centres 
for  Audition,  VisiuHj  and  KineDStlicsia  generuUy.  Uence 
spoken  words  niay  not  be  comprehended  though  other 
sounfls  are  ;  and  n^iiin,  ivritten  or  printed  aig'us  may  not  be 
uud*^r3tood,  thoii^di  ordinary  ohjects  may  be  easily  recog- 
nized through  sij^ht-impreasioua, 

Concernin;^  the  preeifie  functional  relatiouH  of  thd 
Kinjestbetic  Word-Centres  with  the  corrtisponding  parta 
of  the  Visual  and  Auditori"  Centres  nothing  is  at  present 
hnnwn— tbe  writer^  however,  believes  that  they  play  little 
or  no  part  in  Thon^^dit-  One  section  of  them  is  probably 
called  into  activity  principally  at  the  instigation  of  stimuli 
em&naliug  from  the  Auditory  Centre  for  the  bringing 
about  of  Ailieulato  Speech,  whils^t  the  other  section  ia 
probably  called  into  activity  principally  at  the  instifjation 
of  stimuli  issuing  from  the  Visual  Centre  preliminary  to 
the  production  of  the  movements  concerned  in  Writing. 

From  this  point  of  view  the  Kinjcsithetic  Centres  would 
be  concerned  more  with  tho  expression  of  Thoii^dit  than 
with  the  Thinkin^'-process  i  their  activity  would  only  be 
roused  as  Thought  ia  about  to  tranalate  itself  into  Action. 
Thna*  they  may,  perhaps^  form  the  last  outposts  on  the 
aide  of  *  ingoing  '  curreui8f  and  bo  at  the  aame  time  tho 
starting-points  for  *  outgoing  '  currents.  This  view  ia  quite 
harmonious  with  tho  fact  that  tho  processes  taking  place 
therein  are  almost  fls  devoid  of  conscious  accompaniment, 
and  almost  as  irrecoverable  in  idea,  as  aro  the  molecular 
procesRes  occurriuc;  in  the  Motor  Centres  upon  which  the 
Initial  '  outfjoiug  '  currents  act. 

An  attentive  study  of  the  mental  defects  resulting  from 
Cerebral  Disease  will,  we  think,  be  found  to  yield  results 
^uite  in  accordance  with  the  views  above  expressed. 
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The  principal  de^'ects  wliieh  the  followiag  esses 
destined  to  ilJa&tratc,  may  wiih  advantage  be  Rrst  tobq* 
Htcdf  80  as  to  show  their  mutual  relatioas  both  as  ModIaI 
and  as  Neurolugical  Frocessea. 

1.  ItKFKt'Ta  or  VKtltlAL  MKillJltT,  THAT  IH  hEflTfTS  1^  Tlin  KMOCtM 

THj.sa  or  liitAL  TtiiNf.s  on  or  coNcitpTinMt  with  n»tst  woaijs. 

A.  Amnesia  Verbale. 
(a,  PiiraTytic  Vttriely ;  h.  Incooriliiiate  Variptj,) 

2.  Dt'/'  clioif  Acfitia  in  lUr  Vifttint  \\'itnl-('e»tres. 
3*  Dtimntjr  to  Vhutil  W>u'd-C*'tttrei  attd  of  AJ'f'iX'vt  Ftfn'fi*  io  A 

tni'tf  (^fittres ;  tofft  thrr  tVitU  r.r  tfatit  ihft  rln  pi'tidurittg  lac 

4w  Dtumuje  to  CotnmUeurea  btitween  Autiitoiy  and  Vitunl  Wf 
Ceufira. 

II.  I>KKKCTS    fN   THE   ASSOCIATION   OP    IDEAL    W«HD»   WITH  VJ-.ItM 

KovtsfK^rs  fojtspKtcu  Auo  wRtTinc,  oa  rom  tJTiiKtc  or  xii 

ATNGLT. 

5,  Damttijr  to  Jirel  pHrt«  nf  orUtjoitti^  imcks  huJiny  from  Crrth 

Wwd'Vtmift'8  to  li'Jt  Corjfiis  Slriatttm, 

C.  Agraphia, 

6,  Danuitje  to  firtt  jutyig  of  ouUjolntj  ii^ack*  l^aJottj  frtnn  f&fl 

Aphemia, 

f.  Dnm-fUje  {&}  jSfnf  jt'irt*  of  uttf'jniu'j  trark  teniliny  from  UW 
Aii.iiititr^  W'ijrti-Cf'utre,  or  (b)  to  gomtf  lownr  parU  of 
tntnt  track,  or  (c)  to  tJ»s  actual  Mvtt*r  CeiUt'vf  jfvr  Ari' 
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A.  Amsesu  Vkrbale,* 

Id  tlie  acquirement  of  Speech  there  gradually  arises,  aa 
we  have  seen,  an  '  nssociation  '  between  the  iuj  press  ions 
produced  by  external  objects,  as  well  as  bot^veen  the 
cerebral  processea  involved  in  ideas  and  other  mcnta! 
etutes  oa  the  one  aide,  and  the  actual  or  revived  sounds 
or  sights  of  certiiiu  Words  on  tbo  other,  A  similarly 
close  '  association '  also  springs  up  between  these  latter 
processes  takin*^  phico  in  the  Auilitory  and  Visual  Per- 
ceptive Centres,  ami  other  processes  in  Motor  Centres 
causative  of  Articulatory  Movements  for  the  production  of 
Sounds  corresponding  to  the  Names  of  the  objects  or  menUd 
states  Ihouf^bt  of.  Thus  iu  the  process  of  Thinking,  so 
long  as  the  brain  nets  in  a  healthy  manner,  Words  beconio 
nascent  in  cooscioasnoss  primarily,  and  perhaps  princi- 
pally, as  revived  Auditory  Impressions.  These  revived 
impressions,  either  without  or  with  voluntary  efforts  (that 
is,  by  Ideo-Motor  or  by  Voluntary  Action)  bring  about,  in 
a  manner  tbe  details  of  Avhich  are  estromely  ohscurCt 
those  multiple  combinatiuus  of  muscular  action  necessary 
for  the  Articulation  of  the  corresponding  Words.  If  this 
primary  memorial  association  between  the  impressioua 
produced  by  things  and  their  names,  or  between  the  ideua 
[Of  things  and  other  mental  states  and  their  corresponding 
^ords,  prove  defective  (so  that  the  one  does  not  follow  tha 

The  views  eipressed  in  this  Chapter  were  contitined  in  embryo 
&  paper  (published  in  18tt9.  ia  the  '*Brit.  and  For  Med,  Chir. 
?view  ")  etititled,  "  On  tlie  Variovie  Forme  of  Loss  of  S|K!tJtU  in 
Cerebral  Diaeaao."    The  present   Chapter  waa  written  iu  tbe 
autnma  of  IbTti,  aud  thcr^^fore  i^otitniiia  uo  refL^rence  to  recent 
commuiu<:iiticina.    TheauUior  has  since  read  KtisMtnanra  elaborate 
article  (ZieiiieHL'n*^     Cjclopcediu/'  vol.  liv.)  where  mitny  of  thfl 
viewB  expreeurd  In  his  ea^rlicr  pfipera  are  etidorEod, 


MO  >  THE  CEftEBKAl.  KIXATIDTIS  OF 


oUmt  hnmrxfirtHy)  it  mobs  mdeot  that,  ta  ptofNvtktt 
Qm  iegno  of  Umbb  pntkalar  dafecfs^  there  mui  bo  « 

dinuniition  in  the  power  of  SpcAkiDg,  uad  m  hiaAfinrV. 
tbottgh  to  m  len  extent,  in  the  proceja  of  Thxnkxsg. 

Two  kinds  of  de&etiTB  Tcriial  MeiBovj  re^we  to  ha 
distu^inahed.*  One  of  them  »  dependent  upon  a  d«tn- 
idud  atticiry  in  one  or  other  of  the  paru  of  the  BistB 
einicerned  with  the  Terfaal  asaodations  above  ilBbuwI  tn. 
Sach  dimination  nur  amomit  to  a  more  or  less  complHa 
Bizest  of  actaoQ  or  paraiysia,  hoMC  this  vanety  nay  ba 
named  PkralytiQ  Amneaia.  The  otha- kind  of  dafiK&  is 
rdafced  to  an  irre^lar  or  pnTtrfed  mttiriijf  of  the  parts 
in  qoeation.  Th^  act,  h«t  they  aei  wtoo^j.  It  is  not 
that  words  canaot  he  rerhed,  biTt  rather  that  wraag  words 
are  rerired,  just  as  an  'ataxic'  man  ptudnua  wioof 
raormieQts  of  his  Umba.  This  second  tariety  may,  there- 
fore, fitly  etwogh  te  disttngnnhed  as  IiscoBi'dlimte  AsH 
tieaia.  Though  the  two  cooditiops  roar  exist  aeparalelyy 
they  are  often  combined  in  diffisrvnt  proportiopa» 

Paralytic  Antnt^aia- 

Under  this  head  mar  he  indoded  a  momentary 
lUnsH  nnd  con  fit  won  ahoofc  proper  Kamea  aad  KoBsa, 
with  power  of  mooter^  alter  a  time ;  or  thara  wmy  ba  a 
mora  permanent  and  hafaitnal  fargetfnlnem  of  Kames  of 
ohfeetSp  penoM,  «r  placea,  with  attempte  to  rcmady  tUi 
lor^etiyness  by  employing  a  periphrasis  in  place  of  the 
Noon,  which  cu&ot  be  recalled. 

Diflerenfc  dfigreeo  wd  fecial  vaiieftiBa  of  this  kind  of 
delect  ar«  recarded  in  the  foOoving  acrtiont, 

*  la  rIcma  tA  Memory  gonaltf »  mmm  TRy  ■iiRyitiu  and 
tm^ml  wv»  Bay  be  kmmd  w  a  |ia|<«r  by  Ui»  M«  Ik.  I^ymsk,  ta 
^  Eiia.  Med.  JrwL.*  Apeil,  1874. 
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j, — DiminMt^d   KrcitahiliUj  of  the   Audilni'p  Word' 

Centres, 

AccoTjling  to  the  degree  in  \vhich  tbo  proper  vitality 
of  the  Aiiilitory  "VYord-Cetitrca  ia  affcctod,  we  may  find 
CTidocco  that  tliej  ceaso  to  respond,  first  to  '  volitional ' 
incitations,  secondly  to  those  coming  to  tliein  by  way  of 
•  association,'  and  lastly  to  *  sensory  '  impressions  coining 
from  withont. 

A  good  example  of  an  ordinary  case  of  Amnesia  13 
thus  referred  to  by  Trousseau  in  Lis  "  Lectures,"  in  wliich 
the  '  volitioQal  *  and  '  aBsociational '  recall  of  names  was 
impossible,  though  their  *  sonaory'  recall  was  preserved. 

*^  The  patieut  di>es  not  spi^aki  because  lie  doca  not  remember  ih^ 
words  which  exprt'SH  ideas*  Yotr  recollect  the  experiment  which  1 
often  repeated  at  iTurcfurs  bed-aide,*  I  jiIuc<h]  bis  nightcap  011  bis 
btid,  &nd  askeii  biiii  what  it  tvaa.  But  after  Itxikin^atit  att«n- 
tivelj  he  could  not  say  wh^t  it  was  call^.  and  exclnimedt  'And 
yet  i  know  well  what  it  in.  hat  I  cannot  rect>Ilect*'  When  told 
that  ii  was  a  iil^rhteup,  he  replied,  *0b!  yea,  it  h  a  nightcap.* 
The  aanie  8ct:*ne  was  ri'pt^nted  whea  various  other  objects  were 
shown  to  him.  Some  things,  however,  he  named  well,  such  aa  hia 
pipe.  He  was,  a*  you  know,  a  navvy;  and,  therefore,  ^forked 
cHitfij  ^itb  the  shovel  and  the  pickaxe,  so  that  the»o  ure  objecta 
the  namea  of  which  a  navvy  abouLd  not  forget.  But  Marcou  could, 
never  tell  us  wbut  tools  he  worked  with,  and  ufl^T  ho  had  been 
vamly  tryinif  to  remember,  vihen  I  lold  him  it  was  with  the  sbovel 
and  the  pickaxe,  *  Oht  yes,  it,  10,'  he  would  reply,  and  two  minutes 
afterwards  he  wan  as  ificnpable  of  naming  them  before." 

In  the  Blighter  forms  of  Amnesia  the  efforts  at  Reeol- 
I^ctioti  of  a  person  who  13  at  a  loss  for  a  word  "  tend 
also  to  call  tho  Visual  Word^Centrea  into  an  incipient  or 

*  Tho  earlier  ounditioa  of  this  mait  wi]l  heTeafter  be  referred  to 
(p.  627).  OB  at  that  lime  be  manifeste*!  a  distiuct  tendcHcy  to 
'  echc '  worda. 
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alMTtm  •moot  of  BriintT.    I>r.  Gnt««  hM  fhmJ 
teeoid  wtil  BMjr  be  Uken  as  a&  Olaslzatioa  of  tkm  lae^ 
thoq^  be  q«oies  Um  cue  merely  *s  "  »  remwtiaMy  eng- 

iu  the  diwBMe  ef  oU  !■  whirh  Itin  Minri  «#  p rwiMB 
aad  thiDgs  are  freqecnllj  foiigottett,  tUktm^k  tktir  imimfM 
Art  recoHeeisd,*' 

"  A  &ncr.  illy  jnn  «ga»  ha4  wJfcn4  frsv  a  psnMac 

c»4  pripprMM.- tW  bStcr  W  cpvU  aot  at  all  icCu  Thm 

mir9aM»0hitmim0rf  ikt  wm4  Um^,  Xk|«riiec»  M 

iW  ttli^f  of  vdita  <m  laai  iiuiil  a  Ivt  af  tls 

thiaiyi  Ik  wa  n  tfe  kdbft  «f  tiTFiiig  far  m  ■pmlia^  ilwal.  la 
«Wnff  tlw  pniper  Bvpcs  ol*  Ini  iliiiliiB,  «iml%  mmA  ma^/mm- 
tuea;  an  then  ha  anaaged  alpfcifcilM  iWy  ia  a  fit^  pacfaA 
Aetioaarr.  vUdi  W  aMd  «•  toIlDva  if  k*  wiiWd  W  Mfc  aay- 
thiag  abort  a  cow,  hgfoia  W  coMMtaoea  th»  letcaea  W  t^i  mmi 
tlK  letter  C.a^  looM  oat  for  tW  «otd  'oo«r/  aai  kcft  ^  fiafvr 
■7ff  rjr  f  ml  m  1h-  -rrrt  aaliT  tftri^iit       tralianr  A 

amid  fmmmmmem  tkc  wmd'tam*  imiUfrwftr  fUea  «o  bay  aa  i« 

km  Utk  U  fmrnai  mI  W  ■iwwfaJ  mU  a««  >«  f«eaU> 
rfitnajl  fcriaorilMlaJgiMtaia^arfg>fcKf»^*ria^»4e»  aw- 
Mry.  BaoaaUBrt«««iffMllBetkiae«a  aaM«aka»  be  looM 
art  farii,sar  tka  aa«M  of  aay  pcnoa  af  ac^ywateM;  krt 
be  amr  «a>  at  a  loai  fer       niliid  of  tba  )ke 

In  icgaid  tolbia  Beaoryof  tlw  inl  Irtter  alone  oT  e 
Kame  or  Weed,  tbe  foBoving  passage  froaa  Darid  Hartley 
is  not  vitbort  intereaL  He  said.*  whilst  Hhnlratiii^  bia 
celebrated  ddctrioe  of  *  Associatioii  * : — "  When  a  \mriety 

ObecnratkM  aa  Mma.*- 1748»  Vrnp,  Cae, 
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of  ideas  are  assocmte^  together,  the  visible  idea,  being 
more  ghiring  and  distinct  tbrtii  the  rest,  perforuif!  the 
office  of  a  symbol  to  all  the  rest,  Buggests  them  and 
ronnccts  tbem  together.  Id  this  it  somewhat  resembks 
the  first  letter  of  a  word,  or  first  word  of  a  sentence, 
wbich  arer  often  made  use  of  to  bring  all  the  rost  to 
tuind.*'  The  fact,  moreover,  that  in  these  cases — when 
we  eatiDot  *  get  out*  a  purtieular  word— we  often  seem  to 
luiow  something  of  its  length,  and  can  my  that  it  eonsista 
of  about  so  many  letters,  also  seems  to  testify  to  un 
abortive  or  incipient  revival  of  the  Word  in  the  Visual 
Centre. 

The  fact  that  this  partial  Vismtl  revivul  is  not  asso* 
ciated  with  full  consciousness  of  the  word  and  docs  not 
enable  it  to  be  Written,  is  one  of  considerable  significance^ 
becauBcit  seems  to  show  bow  all-important,  in  the  majority 
f  cai^s,  is  the  primary  revival  in  the  Auditory  Ceutres,  not 
only  for  the  accomplishment  of  Speech  but  also  for  that  of 
Writing ;  and,  further,  that  the  more  special  Intellectual 
or  Emotional  Mechanisms,  often  cannot  immediately  rouse 
the  Visual  Word-Centres  for  the  cxocotion  of  Writing 
Movements,  theao  being  probably  called  into  play,  in 
Writing  spontaneously  aa  well  as  in  Writing  from  dicia- 
tion,  for  the  most  part  through  the  intermediation  of  the 
Auditory  Word-Cenlres, 

A  remarkable  kind  of  defect,  of  an  exceptional  order 
and  very  difTn'tilt  of  explanation,  has  been  recorded  by 
Dr.  Hertz,  who  says  (*'  l\vcholog.  Mag./*  vol.  %-iii,) :  — 


In  Anguet,  17rtr»,  t  wiia  called  to  an  officer  of  artill"  ry,  a  man 
abont  forty  yi^urii  ol<J.  who,  tia  I  was  iDformed,  wiie  seized  with  rt 
gy.  ^  ,  .  >  1  foiiTjil  him  eo  much  recoveri^d  as  to  huve  tlie  com* 
Tiseof  liis  fecti  bia  hands  ako  were  stronger,  but  in  regard  to 
Ilia  speech  tln3  following  very  remarViilile  circunifitance  whs  to  It* 
observed:  he  tvaa  abh  to  utiicnlaic  diBtinethj  antj  x^Qt\li  ichich 
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either  occuri'fd  iv  him  tpontaufoititfif,  ttr  when  they  ictTr  slvwhj  *tn 
Ivutllij  rept  aied  to  him.    He  alreDiiaaaly  exerted  hiinaolf  to  «pnt1c» 
but  an  anintelligi\jle  Itinii  of  timrnjur  was  all  tbatcotiM  V  lifftrtL 
Hie  cfl'ort  he  made  vtas  violent*  and  terminated  in  a<ieep  eigb.  On 
the  other  hand,  he  cf^uUi  rotui  aloud  icj'fA  factHttf-    If  a  "book  or 
any  written  paper  were  held  before  hia  eye*,  he  read  bo  qtiiclitf 
ail  J  diatiiictly  that  it  was  imposBiUe  to  observe  thnt  th^re  was  the 
Blij^htest  fault  in  his  iirgana  of  speech.    But  if  the  book  or  palter 
weru  withilrawn  he  wus  then  tottilly  incapnlile  of  pronouncmg  od« 
of  the  words  which  he  hud  read  the  instatit  ht- fore.    I  tried  th' 
esperimeni  with  him  repeutedly,  not  only  in  the  presence  of  bi 
wife,  hut  of  tnatijr  other  people:  tlie  eOect  waa  utiiromlj  th 
kume." 

Here  it  would  rippear  that  Words  could  not  properly  b 
revived  id  the  Auditory  Ceutrea  by  '  ToliLionol '  inc itfttioDS 
and,  consequently^  thai  'outgoing'  stiu^uli  could  not  h 
made  to  pass  over  from  them  to  the  luof^ir  centres  con 
cerned  in  Speech.     His  difficulty  iti  repenting  words 
(implying  slu^jgisbiiess  of  response  of  the  Anditory  Word- 
Centre  to  direct  *  BC11S017 '  impressions)  makes  this  caM 
laard  to  understand.    The  view  that  the  molecular  mobilil 
of  this  Centre  itself  was  lowered,  or  that  its  emissive  fibr 
were  dumafred,  is  not  in  accord  with  the  fact  that  it  ap-« 
peared  still  to  respond  well  to  strong  impulses  coming 
it  from  the  Visual  Centre,   And  evidence  will  Babsequentl 
be  given,  tendiug  to  show  that  in  'reading  aloud"  th 
Auditory  Word-Centro  ia  called  into  play,  so  that  i 
theu  acts  as  in  ordinary  Speech  (p.  641).    But  tliere  ma 
be  exceptions  to  this  rule.    Both  this  case  and  the  ou 
which  follows  would  be  more  explicable  if  we  might  Bttp- 
po»e  that  motor  incitations  could,  in  some  well  practised 
pergons,  pass  over,  in  Reading,  from  the  Visual  Word 
Centre  to  the  portions  of  the  KiujEsthetic  Word-Centre 
in  association  with  Speech-movements,  without  preA-iously 
passing  through  the  Auditory  Word*Centre.    By  analog 
it  would  seem  quite  possible  that  this    may  occur. 
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just  aa  the  initialljr-guiding  Visual  Sense  may  after  a  time 
be  dispensed  with  in  the  execution  ol  orditmry  movcmenta 
(p.  556), 

The  uost  case*  is  rather  more  coniplicntetl,  but  it  affords 
clearer  eridence  of  r  j^reat  diminution  in  the  excitalnlity 
of  the  Auditory  Word-Centre. 

Dr,  Hiin,  of  Albany,  mentiang  the  case  oi  a  bliickaniith,  j^t,  3-% 
•whoi  before  the  prOBent  attack,  could  read  and  write  with  facility, 
lie  had  been  labouritif.!;  for  several  years  undfir  disMjiise  of  the 
lieart.  After  long  walk  iu  iJie  buu  lie  waa  sei^^d  ooq  evfin'mg 
with  jiymptoms  ot  cerebral  congestion,  and  rcmain^^d  in  a  state  of 
stiipop  for  eeveral  daya.  On  recoverin^f  from  tliia  condition  bo 
HTJilerhtuod  what  wa«  Bai-l,  bfit  it  was  observed  that  ho  had  j^reat 
ditficulty  in  cxpreabiajr  himBelf  in  words,  and  for  the  moat  part 
C^nld  only  make  hia  waota  known  by  vi^na.  There  was  tio  para- 
lysis of  thu  tongue,  which  he  could  move  in  all  dirdi'tions.  If/'  knexo 
the  mnaHiiiif  of  nforth  Sfhthvit  hrfore  Jitm,  hut  conld  vol  readl  thosa 
nreded  to  ejfpma  htn)sctj\  n&r  could  he  rf-peat  ivonfB  whi*n  he  heard 
Ihem  pi'ovounced ;  he  was  consciocis  of  the  dilBculty  ncder  ivlii<:h, 
he  was  labouring^  und  aeemed  Burju'Ised  and  diatreased  at  it.  If 
Dr.  Hon  pronounced  the  word  he  iieededr  be  seemed  pleased,  and 
would  Hay.  "  Yes^  that  ia  it,"  but  was  tinablo  to  repeat  the  wQvds 
after  him.  Alt«r  friiitleeB  attempts  to  repeat  a  word,  Dr.  Hua 
wrotfl  it  for  bini^  and  then  he  would  begin  to  spell  it  letter  by  letter, 
aijd  after  a  few  tritilt)  wixa  abk*  to  prnnouucc  it ;  if  the  writing  were 
now  tuken  from  him  he  could  tjo  longer  pronotiTice  the  word;  but 
after  a  li.»ng  atiidy  of  the  written  worJ,  and  frequent  repeliLion,  bo 
would  learn  it  bo  as  to  retain  it,  and  afterwards  nse  it.  Me  Vcjit  a 
ohite,  00  which  the  words  be  required  most  were  written,  and  to 
this  h*  referred  when  he  wished  to  express  himself.  He  gradually 
K-ariiLd  these  worda  and  extended  hia  vocabulary,  bo  that  afttr  u 
time  he  was  able  to  Jiypense  with  his  slate.  S-:  coTthl  rea(J  tolei'ahhf 
Wf  ll  from,  a  printed  hook^  hut  heeiiaM  ahourl  eome  worda.  When 
hft  triw  ttM«6ie  io  pronounce  a  icorri  Ite  1009  alto  unahle  to  wriU  it 
till  fi^  hftd  ieim  U  -writtt^n  ;  and  then  be  could  learn  to  write  aa  he 
l«araed  to  pronounce,  by  repeated  trials.  At  the  end  of  aix  montha 
hy  continually  learning  new  wordy,  he  could  make  himself  undcr- 

•  American  "Jrul.  of  Inaanjty/*  Ap,  18^il ;  and  given,  as  here, 
in  abstract  by  Dr.  Bateman  in  "  Jrnl.  of  Mesit  Sc.,*'  Ap. 
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BUH>d  pretty  well,  oflei],  however,  employiag  citcotnlocutioii  when 
he  oould  Qoi  rec&ll  the  jiroper  word,  sometrhtit  n*  if  ht  were  ffpeak-' 
ing  a  foreign  langua-ge  ini]>erCect]y  learoed.** 

*  Tbe  fact  that  Words  could  not  be  articulated  which 
had  just  been  prouQuiiced  before  Lim,  though  BUch  Words 
■were  really  beard  and  understood,  seems  to  point  to  a 
yvTy  low  degree  of  activity  of  the  Auditory  Word-Centre.. 
Tho  putient*fl  ability  to  read  aloud,  hwever,  as  in  the  last 
case,  appears  to  make  it  probable  that  this  act  maybe  per- 
fornaei],  a3  proTiousIy  explained,  without  necessarily  involt' 
ing  the  activity  of  tho  Auditory  Word-Centres.  Th&  fact 
that  this  person  had  a  difEcuUy  not  only  in  pronouncing 
certain  words  from  Bight,  but  in  writing  them,  seemed  to 
point  io  the  existeuee  of  some  small  amount  of  fanctionul 
impairmt'Dl  in  the  Visual  Word-Centre, 

In  this  relation  it  may  bo  mentioned  thai  in  difTenent 
kinds  of  Cerebral  Disease  it  sometimes  happ^na  that  the 
patients*  Speech  ia  entirely  limited  to  a  mere  imitative 
ropetilion  of  words  spoken  in  their  hearing,  whilst  Ihey 
are  without  the  power  of  volunteering  any  statement — 
their  Auditory  Word-Centres  respond  only  to  direct  'son* 
fiory  *  incitaLious^  and  'not  at  all  to  those  of  the  '  asaooia* 
tiouar  or  'vohtiouar  types.  In  ihe^>  cases,  other  causea 
of  general  mental  impuirnient  almost  invariably  co-exist. 

A  defect  of  tbia  kind  (occurriDg  in  a  womau  vrhn  vra«  hemiplegia 
from  cerebral  hiemorrhage)  has  been  recorded  bj  ProfeworB^hicr.* 
She  was  born  in  Italy,  and  hod  resided  both  iu  Spiun  and  Fraaof ; 
of  lUe  three  languiagee  she  had  thus  acquired  she  had  coTuplelely 
forgotten  the  Italian  and  Spanish,  and  had  only  retained  a  mmt 
limited  me  of  French,  In  tliis  latter  laftguii^'e  fhti  ou/y  rrffr*i^l 
likr  atl  tcho  the  words  pronounced  in  herprei*enee,  without,  how- 
ever, attaehing  any  meaning  to  them.  But  in  the  case  of  ti  wumno 
Bcea  at  the  t?a1p(-trrffre  hy  Batemaa  the  mLmetic  tend^itov  wu4 
tiiuch  stronger.  She  ercn  reproduced  foreign  word«  with  which 
•  "Gqr.  dee  HApitanx;*  May  16,  1867. 
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the  had  never  bcon  familiar.  "  In  the  words  that  sha  thus  cchoctif 
In*!"  articalalion  was  diatinrt,  altliougli  the  foreign  phiaseB  wero  not 

repeateit in  quite  bo  iDielligiblea  inanner  as  the  FreDch  Jusb 

as  we  were  leaving  lier  bedHtde,  a  patient  in  an  adjoining  beii 
coughed;  tht!  cough  was  instantly  imitated  hy  this  iiuniaD  pnrrot ! 
In  fact*  this  sing-nltir  old  "woman  repeated  everj,' thing  that  wiia 
Baid  to  her>  wbetlier  in  an  interrogative  form  or  notj  and  eho 
imitaled  every  act  that  wum  done  before  hef,  and  that  with  tho 
moat  extraordinary  ovactitiidti/'  In  other  cases  there  is  a  tendency 
to  dwell  tipoi]  and  repeat  some  one  word  or  phrase  that  has  been 
uttered  In  reply  to  a  lirat  fjueftlion^  as  nn  answer  to  those  which 
fiitluw— till  at  last  eomethin^f  new  may  Ik*  said  which  is  repealed  in 
the  mme  viay.  A  good  infitance  of  this  may  bo  quoted  from 
nVou^-PfLni.  In  a  man  aufliTing  from  left  heniiplegiii,  his  usuut 
"slock  of  words  was  reHtricted  to  these  two,  'My  faith  1 ' j  and 
when  lie  wuh  pressed  hard,  he  looked  impatient,  and  uttered  the 
oath,  'Cr6  nom  d'un  Coeur!*  .....  I  ftfilted  hitn  what  his  name 
wafl.  and  hift  occupation ;  ho  lowlvcd  at  tiic  and  anawm-d :  '  My 
faith  !*  .  .  .  I  iHsintcd,  but  in  Bpite  of  his  efFnrta,  he  only  shook 
hia  head  with  an  impatient  gostnre,  excluiniing;  *Cre  nom  d'un 
C<Biir,'  Ab  I  wished  to  find  out  how  many  words  be  had  at  com- 
mand, I  aaid  to  hira :  *  Are  yon  from  the  OauLe-LoiroP  *  Ho 
repeated  like  an  echo,  '  Ilaule-Lyirt? ! '  '  What^a  yonr  namtf? 
'  ITaijte-Ijoirc,'  '  Your  prolessiioa  ?  *  Haute- Loire."  '  But  your 
na  me  U  MarcouP* — '  Ycs»  sir/  *Yo\i  are  aure  it  is  MimrouP' — 
*  Yi'B.*  'What  department  do  you  come  from? '— '  Marcon/ 
•No;  that*  B  your  name.'  But  with  an  impatient  gesture,  he  ei- 
cluimedj  '  Cro  ikjid  d'lin  Ctniir.'  * 


2. — Defertire  Aciitm  in  tlie  Visaal  JVord-Centres, 


I 

No  very  distinct  LHuslration  of  Lliis  defect  has  been 
^Dflct  with,  but  one  wLich  is  in  some  respects  the  converse 
of  those  recorded  by  Drs.  Hertz  and  Hun  has  been  re- 
Iiited  by  Dr.  HugUIiuga  Jackson. -j*    lu  this  example  the 

*  The  same  hind  of  tendency  to  repeat  tho  last  impression  mado 
the  Viaunl  Centre  is  j»ho*?n  by  other  patients,  when  Writing 
it  TronF!seau*s  *'  Lectures,"  Eng.  Trana.^  Pt.  T.  p.  228). 
t  *'IJrit.  Med.  Jonrn./'  18(>6. 
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power  of  Writing  and  of  Spelling  was  very  much  impairedf 
whilst  that  of  Speech  was  affeuted  only  to  a  more  trifling 
extent. 

TliB  man  bad  "  perforraed  the  dotieB  of  an  important  goverDoimt 
office,  rcqniring  g^vjd  education  and  intdlig^tice/'  and  he  Lad  K-rji 
atj^ject  to  a  series  of  epileptiform  uttiickH.  at  firet  priocipall/^ 
involvirig  the  left  side  of  the  bodj»  bot  then,  ttft^r  tin  iot^mil, 
alTtictiug  the  right  side  laetead.  The  dt^f^cts  to  the  patient'f 
power  of  intetlectoal  expression  about  to  be  noted  occurred  oaly 
after  the  second  ftmci  of  fits.  Dr.  Jackwn  Bayst  After  thi^ 
Qttacks,  the  patient  cwild  talk,  hxit  he  made  misUkes  in  tiilking.* 
A  few  weeks aflerwardB.h<>  met  tbispatient  in  the  rtreet^nndsays.- 
"  He  was  then*  to  snperficiaf  ajipearance,  aa  iFr«l]  as  erer,  I  <'h> 
aerved  ifkot  «pfike  qit\i**  vii!,  avdihU  thrftutjhoid  rattirr  a  Umf 
convervaiioti.  The  pattcnt  amd,  however,  that  be  wasof^eti  at 
]c0A  for  a  word;  and  htu  father  told  me  that  his  soa  frequetitl 
made  mistakes  m  nameB."  Hie  greatest  tronble  wa«  in  writing — ' 
he  had  no  difficulty  about  the  mere  penmaaship,  this  was  excellent. 
"  His  tronble  was  thut  he  could  not  readiJy  6nd  the  proper  wordi^ 
and  those  he  wrote  he  often  epelled  incorrectly^*'  He  was  able  Id 
copy  a  paragraph  from  a  printed  book  welli  making  only  one  of 
two  trivial  erront;  but  in  attemptldg^  to  write  from  dictatiun.  ha 
made  very  mnch  worse  mistutcs  ia  epelliiig  than  occur  in  n  ror- 
ri'Cted  letter  which  Dr.  Jackson  haa  reprodnced.  When  H)»ke<l  tar 
Bpc-U  words,  he  alito  succeeded  very  badly ;  and  tkvugk  k«  eottU 
rtTKOt  perfedhj  etfen  the  fnoat  dt£teuU  tmtence*,  when  hit  aU^mpi^d 
ta  read  aloud  he  couJA  not  s^uicetd  at  oif,  j/ronounct'ng  almcH  every 
word  of  two  or  more  tijlUthht  wrongly* 

Here,  again,  as  in  the  case  recorded  by  Dr.  linn  (p.  G23)» 
the  ability  to  read  ataud  was  commenfiDrate  rather  with 
the  power  of  writing  than  with  that  of  speaking.  Both 
reading  aloud  and  writing  necessarily  require  the  into^ly 
of  the  Vianal  Centre,  and  that  this  was  more  impam:*! 
than  the  Auditory  Centre  eeems  clearly  indicated  by  the 
fact  recowled  above,  that  the  patient  could  repeat  even 
the  moat  di^calt  sentences  correctlj'— an  operation  in 
which  the  Auditory  Word- Centres  are  called  into  play,  bat 
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not  tlio  ViBual — whilst  he  could  ntit  read  aloud  the  eimplost 
pa8sag;e  without  making  mauy  mistakes.  It  will  be  iul^' 
restiug  Kubsequently  to'  compare  these  cnsea  with  those 
that  will  bo  given  uuder  the  head  of  Agraphia  (p.  657), 
especially  the  other  case  rocorded  by  Dr.  Jauksirti,  which 
might  perhaps  with  equal  propriety  be  placed  here. 

B. — Davuiffc  to  Tistud  Word-Ccntref  and  of  •Affttreitt 
Fihree  to  AmUtortf  Ci  iittrR  ;  toffether  u*ith  cfrtam  defects 
jirvifticintf  Invooniinttte  Atnnrsin.* 

A  case  of  great  intercBt  belonging  to  this  category  has 
been  fully  r^orded  by  Dr,  Batike^f  but  is  given  here  ouly 
in  abstract.  The  power  of  appreboTiding  what  was  spoken 
by  others  \\m  cutirdy  lost,  aud  the  patieut'a  ability  to 
comprehend  written  or  printed  characters  was  almost 
lost.  His  powers  of  expression  by  Speech  and  Writing 
were  correspondingly  defective.  He  seemed  to  have  lost 
all  knowledge  of  the  proper  use  of  Words,  aud  was  unable 
to  express  himself  in  an  intelligibla  mauner. 

A  gciitU;maUt  ag«d  nh(\ni  Bcventy-five,  after  having  walked  a 
conaMt^mUv  diutunce  ou  tbe  Qdth  of  March,  1604,  aat  down  to 
dinner,  anil  pro^^cedf'it  with  hia  mesil  as  iimmL  After  a  txtae  it  was 
obsurv^ed  tbut  soiuo  of  water  he  was  drinking  £owed  from  his 
month*  put  down  the  glaaa,  callitig  at  the  same  tima  ia  a  tuud 
and  i;xcit«d  voice  for  hia  wife  and  the  iaervaut  who  was  m  the  habit 
of  waiting  upon  him,  ulthongh  they  were  both  present.  The  patient 
waa  iu  a  very  short  time  seen  by  Dr  Kidd,  who  found  him  fitting 
ou  tha  sofa,  loukin^  puzzled  but  evidently  conscious,  calling  out 
loudly  ut  iotervals  for  the  servant  and  otherg,  but  not  taking  the 
slightest  noUca  of  anything  whii;h  was  said  to  him.    Tbe  excitt;'^ 

*  Tbe  conaideration  of  the  nutiire  of  the  defecla  iodneing  thia 
latter  condition,  will  be  better  deferred  till  some  examplea  of  the 
condition  itself  have  been  given, 
I    t  '*I>"bhD  Quart.  Jrnl.  of  Med.  Science."  Feb.  Ie65,  p.  7fi. 
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{[lent  nutior  which  tie  ]ul>uum1  altQt  a  time  passed  awaj. 
endeaToured  to  Bpcalr»  but  untpk^lUfitUy.    He  walked  tJpBtuiritl 
assisted,  wound  up  his  watch,  went  to  bed,        slept  well.  'Ill 
fotbwiug  morning  it  was  discovered  that  he  was  c^pletrUf  drttj.  tk 
loudest  notsfff  not  beinff  perccioed,  Hw  sight  aecmed  good,  and  tfi^r» 
K'fts  740  motor  imraly fig  vf  tittff  kluiL    In  sfieaking  he  u»ed  wrong 
wordH,  so     to  be  titlcrly  uiiinti'lligible.    Dr.  Uauks  saja,  **  he  cer- 
tainly rtiCiigtti^ed  me,  und  wua  glnd  to  s^g  ine,  but  misnamed  mc; 
aayiog  sornel:hmg»  but  u::jiiig  wnrds  withont  moituing-    Wc  ctuh- 
loured  to  cQHtmn»ictitv  with  hiin  by  wrttint},  hid  it         evidriit  tl 
he  did       uthUfsd-md  U.    *  Have  }'ou  juLin     wsb  trrittcu,  and 
looked  at  it  and  naid,  *  Good,  good  God^  appearing  to  read  whut 
wiiB  written."    He  atteQipt*d  to  write  tollers  frt-qiitititly,  and  ht» 
uddrc*sa  was  written  two  or  three  tinieK  at  tbti  head  of  the  ahf 
of  t^per,  aoni«  of  the  word*  being  iiiipvrfoct.    '  My  dear  Sir/  wa4 
written  correctly.    Tti*  »hrt:l  irici*  Jith'd  iv'tth  wriiinfj,  hut  JW  iponj 
cfcupi  *  ir>/e'  was  hfjihl^t  the  r*;iit  bt  uuj  utfrr'fij  uiouniyujlc^g  ;  |ii>tf 
h'ttt^rs  Ktire  correGihj  formed,  hut  no  tcord^s  nutil  ihj  cnd^  where  h 
tiatitt}  -fCKirf  ttitjnfd  wifk  tt  tttcadif  hand  t.iutl  in  hie  ugttal  manitfr. 
Hp  varied,  however,  in  hiB  power  of  writing  at  diffcreut  limes 
ui:caaionu.l]y  wheu  wished  to  si^n  hia  name,  hi^  conld  not  be  induccif 
to  do  eo^  and    only  aeribbled  Rome  umntelligibie  wordia.''    It  tPtis 
impo^eiblt*  tu  gfl  him  tu  ^nd^rHnthi  ttu  tf thing ;  and  bis  meuning 
could  out/  be  gue^^sed  at  by  hia  geatures^  and  by  the  very  few 
words  at  his  coniinaod,  wLick  were  slinoist  always  misapplied. 

At  the  be^niining  of  April  a  remittance  waa  due  from  hb  ag^n' 
and  eiLch  morning  hu  was  much  excited,  asking  freqaeutly  f 
Bometbing.  At  length  it  occurred  to  one  of  the  fataily  to  «ho 
bito  his  agent's  bttur,  whii;h  tteemed  topleaae  bim  i  but  be  was  not 
quite  satisfied  till  the  money  way  brought  and  connted  before  bim, 
8ome  &biUing^  wnte  not  nhown  to  him  at  first,  but  whca  ho  eaw 
them  he  appeared  to  know  all  was  TiL;bt,  and,  on  the  money  being 
handed  U>  bis  wife,  he  seemed  content.  His  feelinga  of  a|f«o- 
titm  for  hia  wife  seemed  to  be  intensiHed ;  bnt  there  was  some 
nmount  of  emotional  weakneae, 

ocotiaionaUy  for  a  time  made  use  of  bo  me  one  ward,  applying 
it,  in  the  most  varied  waje.  Wishing  to  inform  Dr  Kidd  that 
boimont  which  be  bad  bc-cn  u»itig  waa  nearly  finisht'd,  be  fcoii 
yKiiiUing  to  the  bottle,  "  lirirjg  the  cord."  On  another  <Krcasio 
upcjikiag  of  pillu  he  hud  hcca  taking,  he  eaid  be  bad  takr 
"potatoes***    Very  frequently  thera  waa  sooia  similarity  in  t 
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word  ii9«id  to  tbti  ri^ht  one;  or  it  i^ouU  he  discerned  tbat  tliero  was 
&ome  OftEfocmtmn  with  thtf  ide^  wiaHed  to  convey;  fur  example, 
giving  hia  watatcoiit  to  be  put  itaide,  the  watch  being  iti  hia  pocket. 
b«  »ftid — "  Ttike  care  of  tU«  break-fall-'^  Ho  necmed  cotiaciona  of 
hia  deufjnef^?.  and  Bonietitnes  »puke  of  it.  One  day  he  said  he  oould 
neithur  hear  nor  read — *'Otd<j  a  Utth'^  could  rc<t4i  ths  woids,  hnt 
eoiiiii  }iot  tfike  in  the  me^tning"  Every  morning,  notwithBtaiiditi^, 
he  B|>eDt  some  time  as  it'  husUy  eti^mged  rending  th^^  Bibl^and  the 
ncwaj»tp<'r8.  This  woa,  dotibUesfij  from  the  mere  foroe  of  habit ; 
fur  oti  testing  him,  lie  read  n/ter  (t  f^txhtim^  but  tha  iForf?^  wnr0 
uufi&tinectcd  and  mean  hnjle^a^  and  h<td  not  t^tm  the  most  rmnoto 
connecUon  with  thrj  text  His  powers*  both  of  epeakiug  and  writ- 
ing, were  Hubject  to  variation  at  dilH^retith  timeii.  (Lithographs  of 
two  IvtLcnf  Eire  given  by  Dr.  Buriki>  which,  though  mado  np  of 
properly  written  words^  are  almost  unintelligible )  Occasionally 
it  was  difHcult  to  manage  him;  aa^  if  he  wiahed  to  go  aomewhert*, 
and  it  was  found  iinpr"a.HiljJe  to  comprehend  Ids  wishen,  ho  became 
very  much  excited.  lie  «otitinaed  in  much  the  enme  conditiofi 
till  thi;  7th  of  Ocbiber,  when  he  had  a  diiitiuct  opoplectic  seiznre, 
and  bcciime  completely  hemtptegic  on  the  right  side  of  the  body. 
He  lived  only  &  iveek  after  tho  onset  of  this  more  eevcro 
attack. 

The  great  mental  defects  io  this  case  were  unassocinted 
with  paralysitt,  The  Visual  Ceutre  was  evideutly  much 
(lamatfed,  since  the  patient  conhi  not  understand  printed 
or  written  characters  and  could  only  write  iu  an  unintcl- 
ligibk  manner.  This  same  conclusion  is  strengthencJ  by 
the  fact  that  ho  read  so  badly — oven  T\'orse  than  he  Bjjoke. 
Hia  amnesic  defects  of  speech,  of  the  incoordinate  type, 
were  probably  due  to  some  lack  of  havmouy  between  the 
hi<^her  lutelleefcual  and  the  Auditory  Centres,  but  this 
subject  will  presently  ho  considered  more  at  length.  lIiB 
total  deafuess,  coupled  with  his  ability  to  articulate  fairly 
well,  seemed  iuconipatiLde  with  the  existence  of  a  grjiNO 
lesion  of  the  Auditory  Centre  itself.  The  fact,  bow- 
ever,  of  the  existence  of  this  complete  deafness  is  an 
exceptional  feature,  difficult  to  explain  on  the  otherwise 
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probable  supposition  that  originally  ouly  one  seal  o 
diseasG  existed  iu  the  Cerebrul  Cortex.  If  ordinary  ri<rht* 
sided  deufueb^  Lai  existed  fiiiterior  to  the  dute  of  thia 
patient^s  sudden  ccr&lral  disease,  bis  eymptoma  lui^ht  be 
explalticd  by  one  lesion  of  or  nejir  the  Ci>rtex  of  the  left 
HenjispLere,  seriously  damaging  the  afferent  fibres  going 
to  the  Auditory  Centre,  as  well  as  seriously  deranging  th 
functional  activity  of  the  corresponding  YiBual  Cenlru. 

Dr.  Broadbeiit*  has  recorded  a  clinical  history  in  many 
reBpects  comparable  with  the  foregoing. 

A  painter^  apt.  42,  bad  been  subject  to  gout,  and  also  lo  epilepti-* 
form  itttacka,  for  sevara]  years.  During  the  lugbt  of  October  U,, 
I87]f  while  lying  or  tbc  right  side,  he  suddenly  put  ont  tbe  left 
arm  and  bt^gun  to  jubber — biu  right  urin  being  quite  aitelcsft,  Tbi*r*' 
were  no  cotivukiuuB,  and  no  loati  of  co(ii4ciou.>>tieaii.  He  voa  Ibond 
by  J)t.  Felce,  who  wug  called  to  him,  compltitely  beaiiplegic  and  with 
greutly  tmpaireJ  eensiliility  of  his  ri|i;ht  gide^  keeping  up  a  menn- 
inglcaa  gabble*  in  ^bidi  m-aomids  wvre  prcduminunt.,  and  show- 
ing the  paralyzed  arm.  The  attack  waa  followed  by  ranch  ci'ivbrnl, 
excitement,  shouting:  Q-^id  violence,  fie  soon  regiiined  pow^r  la. 
the  right  limbs,  but  the  spcecb  waa  aa  imperft*ct  as  ever,  and  ha 
was  unable  to  writo  or  copy.  His  g:eneriLl  ht^altb  became  niucb 
dftangcdi  and  finally  gangrene  of  the  left  fool  came  on.  Tt  was 
aooa  after  thia,  on  Dec.  14,  that  he  was  first  i^vn  by  Dr.  Broad- 
bent,  who  says: — "  ri^cdved  with  a  prufuainn  of  ln^'wtt  and. 
smiles,  with  gi-btureB  exprifesive  of  wijicume  ....  His  tij^ec^oh. 
waa  a  mtire  jabbtjr,  in  wliich  'Ma'  and  *  Mum' wer«»  proiniui-nt^ 
and  waa  accoiupauiod  with  an  exceae  of  geEsticubition,  smiles,  an<l* 
facial  expn^PBion,  The  geatnres  were  very  Btrikitig,  and  appamitljr 
appropriate  when  we  had  a  key  to  theif  meaning  ....  1 
was  Httited  that  be  said  *  Y^ea  *  or  *  No/  ijnd  '  Oh*  my  *  at  times ; 
but  he  did  not  usD  even  thet^e  simple  woriU  before  usl  He  wn* 
uoitblfi  to  write  his  own  name  when  his  signature  was  before  him. 
"When  urged  to  do  bo,  he  sn'ihbh'd  off  rttyufhf  sornGthtnif  tn  nrhich 
iiliei'B  of  sum*}  9urt  WtTt  diHinijttisLabie  at  finttthtU  thvn  tailing  n 
into  a  strttteV 

'*  He  obviovB^^  did  not  undt^'staruian  tf thing  tJiai  teat  said  to  hisi 
•  "  Medico'Chimg,  Transact.,  1872/'  p.  170, 
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'd  not  nquee^^e  my  Imnd  on  repented  rer|iieatij,  but  went  ott  ahak- 
g  it  aud  amiliog;  put  nut  tonj?ue  repeaU'Jiy  wii*;n  toltl  to  cloae 
KIb  eyep.  bnt  iDsUiatly  imitated  the  act  uft«r  Dr.  Fclce.  It  was 
douhifiil  how  ftiT  h&  rceofftihi^d  the  state  of  his  speech;  lie  went  on 
chattering  a$  if  he  thtntffhl  Atf  wae  untiersi»oiJ,  bnt  he  also  muda 
Bigna  ....  He  renmined  in  mnch  the  ganm  ulute  till  hia  death, 
ftbotit  Chrietmaa;  once  etaftliiig  aome  fritiids  in  coaversatioii  at 
hia  bedhide  by  exckimint?  'Exaictly  '  at  avery  ap]>ropmte  itiomcnl, 
hat  Dot  QtHerwi^  regaiuing  epeecJi.'* 

In  tbia  case,  whilst  the  diuuage  to  the  left  Visual  Word- 
Centre  was  piobribly  even  greater  than  that  recordod  by 
Dr.  Kanks,  the  left  Auditovy  Word-Centre  seems  to  have 
been  equally  damaged,  as  was  Bhown  by  the  patieut  being 
unable  to  artii;uliite  -diatinct  worda,  combiaed  with  his 
BeemiDg  inability  to  understand  apokea  langaago.*  lu 
another  case,  recordod  by  Dr.  Bioadbent,  there  was  tha 
same  inability  to  trnderatand  what  "was  said,  although  this 
patient  was  accustomed  to  speak  not  iu  mere  inarticulato 
gibberish,  but  in  distinct  though  irrelevant  words.f  Here, 
however,  it  is  said  that  after  the  fit  by  which  the  lady's  ill- 
nesfi  was  initiated,  her  naturally  cheerful  expression  ivas 
exchauged  for  a  dull  stolid  look,  and  she  took  uo  notice 
of  Biiything.*'  There  was  eddently  o.  condition  of  par- 
tial deraentia ;  but  in  a  case  veiy  briefly  recorded  by 
Tionssean,  in  i/khich  there  was  a  Blniilar  irrelevant  use 
of  words  whose  meaning  was  not  roahzed  by  the 
Bpeaker,  the  patient  is  said  to  have  been  in  other  respects 

*  Aa  the  right  Humiaphere  was  open  for  the  reception  of  auditory 
impTeasionBp  it  seema  atrange  thiit  Speech  ehonld  not  have  been 
comprehended  l>i?tter  in  this  case.  Correct  and  incorrect  audit^>ry 
impriaseiana,  fatmidtuneoualy  impinging  on  the  two  nd^»  of  ths 
Srain,  mit<lit,  howover,  prcdnce  so  much  mental  coui\iiiiL>n  aa  to 
prevent  the  correct  impresaion  bt'itig  realised. 

f  A  Bimilar  inHbility  to  undcrslaad  what  was  snid  by  himself 
occaired  in  a  patient^  whose  case  ii^  referred  to  by  Winfcbjw  ("  01^ 
ficore  Diseaaea  of  the  Brain/'  3rd.  Kd.,  p,  3"28), 


ratioDal  Id  ber  acUoDfi.  She  rose  with  &n  sir  of  kio^iieH 
to  rec^'ive  a  yisitor,  and  pointing  to  an  mrm^^iair,  mid, 
"  CochoD,  animal,  ficbae  bete!'*  vldlst  ber  aoti-in-liw, 
irbo  w$M  present,  and  knew  wli&t  she  reallj  meant,  aaid^ 
'  Madame  vons  invite  a  tods  asseotr  " — the  ladj  all  lha 
time  seeming  qaite 
sioQS  she  bad  used* 


nnoonsckma  of  the  msahln^ 


b.  Incoordinate  Amnesia* 

cases  detailed  in  the  foregoing  Bection  are 
tinctJ/  iUustratiye  of  \hc  '  incoordinate*  defects  of 
Hemof7,  tlmt  we  are  now  natarallj  led  oo  (o  a  oonsidm- 
tioiL  of  the  mode  in  which  these  defecta  are  to  be  cxplaineid« 
Snch  a  wrong  n^  of  Words  as  was  etieDQntered  in  tbo 
case  recorded  hj  Dr.  Baaks,  is  to  be  met  with  in  leiy 
varions  degrees,  and  constitute^s,  in  fact,  one  of  tlie  most 
common  d<^fects  of  Speech  from  cerebral  diseaae,  aoraa- 
times  showing  itself  more  especiallj  in  Articulate  Speeehi 
sometimes  more  in  Writing — or,  in  other  cases,  the  poi 
of  Expression  maj  be  nearij  eqiiaEj  bad  in  both. 

Ealiento  are  mostlj  awaxe  when  thej  make  uae  of  wrong 
words  in  either  of  these  modes  of  eicpressing  themadvai, 
though  this  ia  by  no  meana  alwaja  the 


Lu^8*  alludea  to  an  instanoe  where  tlie  yemm  was 
in  tbe  habit  of  ojiDg  one  word  (or  aoothir  without  bcs1^f 
•dona  of  hi*  miatil^s,  Ooe  day  b*  pnttomoed  Uw  word 
^jardin.*  wishing  to  say  *  lit,'  repeated  it  aerefml  tinea,  and  mfim* 
w&tds  fell  into  a  violent  pasaioa  because  hta  orlera  w«te  not  eooi- 
prehefided.  He  wa«  then  made  to  write  the  wocd  hewibbed  to  make 
wse  and  lb«  ti^lU  of  the  proper  wiittee  apabok  aooe  eoBriaced 
hiia  that  the  word  which  he  h«d  actiially  vttetted  waa  aoi  the  OM 
he  had  iaieadod  to  niter 
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Elsewhoro*  the  writer  lias  friven  a.  very  good  specimen 
of  a  leltcv  wTiUen  by  fl  well-edtR'atcd  Atudcsic  patient, 
full  of  mistakes,  and  in  somo  plactfs  even  unintelligible, 
yet,  judging  from  the  lack  of  erasures,  these  mistakes 
^    were  apparently  not  obseived  l>y  the  patient  hiuisolf, 

Thfl  ran^e  of  these  incoordinate  defecte  of  Verbal 
l^^femory  ia  very  varioias,  both  aa  to  frequency  of  occur- 
rence and  as  to  extent*  It  may  be  that  a  wrong  word  ia 
only  occasionally  used  in  Speech  or  AVriting,  or  such  errors 
may  be  luiioh  mure  frequent  and  more  extensive.  It  may 
be  BO  extensive  a»  to  n^uke  the  person's  Speech  or  Writing 
wholly  irrelevant,  and  even  qaito  incomprehensible — owujg 
to  the  utlerl}"  confused  collocation  of  actual  words. 

Winslow  has  reeordod  nn  instance  of  this  extremo 
form  of  amneaic  Speech,  occurring  in  a  gentleman  who 
Lad  partially  recovered  from  an  apoplectic  attack* 

He  could  fijwak,  but  wlint  he  said,  withont  a  key  to  its  inter- 
pretation, waa  i\mt&  nnintelligiUe,  Ho  waa  able  to  pronounce  words 
with  g^reat  clt^arnesSrbuttbey  wer?  sadly  ciispltici^d  and  traaapoa^d. 
AVhuthe  said  was  written  dowDj  and  the  words  placed  in  their  proper 
order.  By  ntlopting  ihia  course  hia  family  were  able  clearly  to 
comprehend  bia  wiishes.  I'bis  atate  of  brain,  and  impairment  of 
speech,  continued,  with  iiligbt  intenniasiona,  for  neiirly  a  fort- 

PV  The  letters  written  by  Dr.  Bauka's  patient  afford  an 
example  of  a  similarly  extreme  defect  in  intellectual 
expression  by  Writing.  Though  made  up  of  properly 
■written  words*  the  mode  of  collocation  of  the  latter  was 
Bnch  as  to  convey  no  intelligible  propositions. 

The  explanation  of  the  *  paralytic*  defects  of  Verbal 
Memory  is  a  problem  prcBenlingno  particular  difficulties  ; 

!  but  the  same  cannot  be  said  in  regard  to  these  *  inco- 
ordinate '  affections.    There  is  an  obvious  reason,  how* 


•  '*Parulyaia  from  Bi-aia  Diaease/'  187o,  p.  189. 
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erer,  why  both  the  kinds  of  Speech- defect  should  be  most 
frcqaently  met  with  in  regard  to  Namea  of  persons,  places, 
and  things.  In  the  slighter  cases,  it  is  only  th«se 
altogether  specinl  'associations*  which  either  cannot  \m 
rocalbd  at  all,  or  which  are  misapplied.  It  ts  rarer  to 
find  such  defects  extending  to  substantives  generally  and 
to  otber  parta  of  speech*  As  Broadbent  troly  obseir^* 
*'  Words  other  than  names>  snch  as  adjectives,  Terbs,  etc* 
constituting  the  framework  of  a  sentence  or  proposition 
stand  on  a  different  footing ;  tbey  are  Dot  asaociAted' 
with  and  tied  down  by  visual,  tactual,  and  other  perccp* 
tions.  Their  use  imphes  a  prenous  knowledge  of  wardi 
a!?  names,  and  mark  a  step  beyond  the  act  of  D&miD^ 
.  .  .  .  They  are  not  substantive  intellectual  ^ym 
boISj  but  iDtcIleclual  agents,  instruments  and  produc' 
of  intellect  in  action,  not  presentations  impressed  upon  it. 
It  is  with  respect  to  this  class  of  words  that  it  may  bo 
strictly  said  that  *  we  think  in  words,*  for  we  often 
think  [in  part]  in  revived  visual  impressions  not  rednced 
to  words.  The  convolutions  concerned  in  their  employ- 
ment, will  be  such  as  are  the  seat  of  the  intelloctnal 
operations,  the  superadded  convolutions/*  | 
Even  though  we  do  not  quite  agree  with  Broadbent,  in 
suppoBing  that  Intellectaul  Action  and  its  Centres  can  be 
BO  distinctly  separated  from  Perceptive  Action  and  iia 
Centres  ;f  or,  in  regard  to  the  divisions  which  he  seeks 

*  "Med-  Chinir^.  Trawa.  "  1872,  p.  102. 

f  H.  Spencer  says  ("Principles  of  Psychology  "  vol.  i,  p.  10 
"Tlie  prosiTnate  component*  of"  Mind  are  of  two  broattly  cootrM 
Itihda — Fcdings  and  the  K*lutian?!  betw«ii  Feclinffs. "  Bat  a  c" 
examination  of  what  is  said  in  re^rd  to  *  Relationa  *  makes  it  erid 
thattlipy  corrt-apond  with  what  has  heen  tpokcn  of  gCDenilly  in  ih' 
ifork  ae  the  *  cognitive  eido  of  Feeling.*  Though  H.  ^p^uccr  nam 
two  c«mponeiit«  of  Mind  and  deicnbej!  th«in  apart,  tbiB  is  only  f 
deflcnptive  parposen,  siuce  he  himself  adds: — "  StrioUy  ■peaking 


CUAP.  XXIX.]  SPEECH   AND  THOUGHT. 


637 


establish  between  tbese  modes  of  activity;  or  with  liia 
explauatiou  of  the  process  of  NanuDg — etill  what  he 
says  above  is  very  suggestive  in  regard  to  possible  diftet* 
ences  of  Bcat  in  the  organic  Kubstruta  for  Wurds  iiccord' 
iiig  as  they  do  or  do  not  denote  external  obj^cta.*  It  is 
reasotiable  to  suppose  that  the  \Mer  might  be  in  mora 
immediati^  relation  with  P^Jiceptive  Centres^  whilst  those 
of  other  pftrta  of  Speech  would  bo  much  more  intimately 
BtJSOt'iAted  with  regiona  where  Perceptive  Proceaaes  become 
merged  into  more  complex  and  more  purely  Intellectual 
Oi>eratioaa, 

Ronghly  speaking,  therefore,  the  inability  to  recall 
namesj  or  the  misculling  of  persons,  places,  or  things, 
would  be  defects  going  with  injuries  to  or  alterud  stiites  of 
Perceptive  Centres,  and  might  exist  with  comparatively 
slight  irupairment  of  Intellectual  Activity  |  whilst,  on  the 
other  hand,  the  extreme  ftrms  of  Amnesia,  in  which  wholly 
irreleviiiit  propositions,  or  a  mere  jumblo  of  words  are 
uttered,  are  more  likely  to  be  ftssocialcd  ynih  marked  im- 

neitber  a  Vwlliijv  nor  a  Ri-latinn  is  an  inJfp4?tiJi^nt  elenjont  of  Con* 
scitiusneHs  " — which  ia  eiactly  wlml  Ari&iotle  and  many  snccevding 
philoBOphj^rs  hav«  saiJ^  in  efftct  if  not  in  a<.^tual  wonlsj  in  regard  to 
Feeling  and  Coguition  (see  p»  18*2).  The  discrimination  of  a  Feeling 
aa  stich  and  guch  neccabarily  com  prebends  iU  'n'JalioiiH  '  of  de^reci 
Icind*  pluce,  and  time.  And  ua  H.  Spencer  aaya  (loc  cit  p.  187): 
— "  Mental  actions,  ordinanly  bo  called,  are  nearly  all  carried 
on  m  terms  of  those  tactual^  auditory,  and  viBual  feelings,  whicli 
exhibit  cohesion  and  consequent  ability  to  integrate  io  so  con- 
spicuous a  manuer.  Oiir  intollectoal  operations  are  indeed  mostly 
cfiiniinei.1  to  the  auditory  fctilinga(as  integrated  into  words),  and  Iho 
vi»uiU  feelings  (ae  integrated  into  impreauiona  and  ideaa  of  objeota, 
Iheir  relatj*nis»  and  tlieir  motions)." 

*  Loc  cit,,  p.  181.  See  olso  Dr  Bristowe'a  Lectureu  On  the 
Pftlboltigical  Kelationa  of  Yoice  and  Sjieech"  (**  Brit  Med.  Jour- 
iial/*  May  10, 1879,  p.  61)1),  for  BBiaocanct  alntcmeutof  Broadbent'a 
view* 
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pairmeat  of  Intell£>cti3Al  Power — to  bedtpeodent,  in 
upon  uguzies  or  ftftered  sUtes  of  parltf  of  the  Bnxn  man 
wpeAUj  eoaoenbed  widi  ndi  mode*  of  scdntj. 

The  prooeas  of  TIkni^  tetsom  io  bo  lA  a  ■wmiii 
isd^oideiit  of  the  Words  m  wfaicli  Thoo^  b 
eiffoJwd^  90  Uttt  perlttLpo  «e  '  thmk  is  *  aonevkat 
kos  Uiftn  is  genenlly  supposed^  Its  putiftl  imli  pwadin 
sppetts  iiidicmlad  b/tlM  ^  dui  we  's^d*  oor  aapm- 
doDS.  Tbas,  SiOOOffdiBg  to  the  diftiigt  Amkaa  of  ifiMiii^g 
sought  to  be  oonvered  hi  oar  popontioBSv  ww  often 
ddiberitoly  wei^  or  *  seWt/  the  sobstmtiwe%  ai^eetnea» 
mad  whMf  that  we  mM.j  deen  vefll  rrpodient  lor  the 
eawpleto  commnntcetion  of  oot  thoogfcti  to  o4herm,  Tbii 
weema  to  indioitrf  eome  eepimie  pwiMi  br  which  Thoughts 
or  *BdstioBs*  snoeiele  thnedm  with  Words — mm 
whkh  is  pethsps  s  Utile  less  evtonistk  then  thst  hj 
which  eitensl  obfeets,  reel  or  m  '  idee,'  aeBocHte  thcn- 
edres  with  Words. 

lo  the  *  iPCoordiBstc  defects '  of  diftwsit  grades^it  io  thsss 
psitkalsr  Tcriel  rftletioas  or  swnrietiens,  wfaidi  s»  £^ 
torhed.  How,  we  know  doL  The  arrarmar  bein  the  mode 
of  sctiTitY  of  the  Fiemptipe  cr  Thowght^Centres,  or  perhi^ 
ilk  thar  wkted  Wotd<Centne ;  the  effsct*  in  either  caes, 
hehkg  thst  euuneous  sMUifeliieii  heesne  netsMislMid,  so 
tbst.  ss  s  mnsnqftiiTB,  iacoueU  or  ■eeswiegiese  propost- 
tJOBS  Ate  ottered. 

In  the  estmne  ftms  of  this  ipeenrdinete  defeti, 
ia  whw^  Speech  i&  rrdoced  to  e  men  jshher  of  Msniiig- 
kes  Bonds,  we  proheUj  hove  to  do  with  sone  grsve 
4efeel»  e^ier  in  the  Attditotr  Word-Oewftres  or  in  thp 
EioMthetic  Ward-C«nt<«&«  There  are  two  trpes  cf  sudi 
cases;  eoe  like  that  irootded  kj  Bcoadhent.  in  which  the 
ps««0B  who  jabbers,  slso  docn  not  nndsrstaod  what  is 
said  bo  hia ;  and  anotlur  like  that  of  Dr.  Osborne, 
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about  to  be  related »  id  whiehj  whilst  only  able  bimself 
to  talk  gibberish,  the  afftcted  person  dearly  undersLanda 
everything  that  is  said  to  hira.  These  two  typea  are 
perliEips  best  explicable  defects  in  the  respective  regiona 
abovB  indicated* 

Similftrlj  eitreme  defects  exiat  in  regard  to  Writing, 
find  they  may  pcrhapa  be  eimilarly  explained  by  somo 
defect  in  the  "Visual  Word-Centre,  in  cases  where  the 
power  of  Writing  is  reduced  to  a  mere  mcnningleas  as- 
fiemblflge  of  letters  mth  inability  to  comprehend  written 
or  printed  words ;  wbilst,  where  this  lutter  disability  does 
not  exist,  the  incoordinate  Writing  may  be  a  mere  defect 
ill  execution,  duo  to  some  dorangemect  of  the  Kinesthetic 
WWd-Centre — and  this  seems  a  possible  e:splflnation,  in 
part,  of  tlie  cuhb  of  the  sailor  recorded  at  p.  6C0. 

Defects  of  this  type,  so  flight  as  to  belong  to  quite  tbo 
other  end  of  the  scale,  also  exihit,  in  which  strange  nais- 
tikes  may,  habitually  or  not,  be  made  in  the  articnlation 
of  some  wordfi,  or  in  the  mode  of  writing  them*  Dr, 
Winiilow  mentioned  the  case  of  a  man  who,  after  an  attack 
of  paralysis,  always  transposed  the  letters  of  words  in  bia 
made  of  pronouncing  them  ;  thus,  '*  endeavouring  to  say 
'     the  word  '  flute  '  he  said  tnjhf  puc  for  '  cup,'  ffum  instead 
«     of  'mug/  "    Again,  there  may  be  an  almost  invariablo 
I     substitution  of  certain  letters  for  others — such  as  a  ^  for 
an  /  in  every  word  which  should  have  contained  the  latter 
letter* 

Defects  in  pronunciation  and  defects  of  spelling  of  thia 
kind  are  extremely  common  with  patients  ■who  are  sligbtly 
Amnesic,  and  to  a  very  slight  extent  may  indeed  be  met 
with  occasioiiatlY  in  persons  who  are  otherwise  thoroughly 
bealtliy.  Such  persona  when  meaning  to  use  one  word 
actually  employ  another— being  sometimes  conseions  of 
their  error  and  Bometimes  not ;  and  the  same  holds  good 
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for  their  mistakeB  in  writing — theeo  niay  be  deUcled  at 

oncG^  or  not  till  tLe  occasion  of  some  snbseqiieni  pern 
of  Buch  writin<x-  Persons  who  nre  liaUo  to  muka  sn 
miatflkes  in  exprcsuiou,  may  occasionfllly  altogether  wron|; 
B-pprehend  somo  word  which  they  hear  spokeu  or  wLi 
thoy  see  in  writing  or  in  print,  in  a  way  quite  surjmai 
to  themselves,  when  the  nii&take  is  recognised. 

4.^Davtaij(^  U*  CommiitsuFfit  beiicetn  the  Aiuhtor^  a 
ike  Vmial  Word-Centres. 

Oti  reflei'tion  it  will  scorn  clear  that  there  must  be 
Icnst  two  sets  of  commiasurea  between  the  Auditoiy 
the  Visual  Word-Ceutrea ;  the  one  (a)  for  trausmitti 
stimuli  from  the  Visual  to  the  Auditory  Centr^B  (tisn 
aiidiiory  fihrt^)^  as  in  the  act  of  reading  aloudi  or  namin 
at  sight;  the  other  (b)  for  conveyinfj  impressions  in  the 
opposite  direction,  t»e.,  from  the  Auditory  to  the  Visttd 
Centre  [aiullto-vimnl J\hns)f  as  in  the  act  of  writing  from 
dictation . 

Both  sets  of  coDimiBflures  may  be  simnltftueonsly 
damaged^  and  this  seems  to  have  been  the  cause  of  tlie 
most  notable  defects  met  with  in  two  of  tho  writer's  ami 
patients,  whose  cases  are  subjoined.  The  fi»Bt  of  them 
came  under  observation  at  the  National  Hospital  for  the 
Paralysed  and  Epileptic,  in  1869,*  but  nothing  similar  ^as 
encountered  until  last  suminer*  when  the  second  exam 
was  seen.  The  writer  is  not  aware  that  any  other  so 
cases  are  on  record- 

A  middle-aged  woman  had  an  attaclc  of  riglit  Hetniplpgia  wl 
pr^ty  complete  Aphonia  in  the  early  part  of  the  year  1868.  In 
cotiriKe  of  9orae  months  she  improved  oonstderablyp  though  ab^c 
tinned  subject  to  '  fita*  at  intervals.    After  twelve  monibs  sbe  ir»» 
Me  to  walk  abotit  with  a  httl«  asaiiiULnce,  though  ehe  was  still 

•  "  PunilyMia  from  Braip  Disease  1875,"  p.  201. 
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incnpuUle  of  using  the  rij^bi  hand  atid  arm.  She  e^emcid  thorongbly 
to  tiuder&tand  everything  that  wan  8Jii<i  to  her,  and  had  in  greut 
nn'iisnre  re(;^rtined  her  power  of  ppcttking.  She  could  repeat  ftlruost 
any  word  nttnt^d  in  her  heariii;^,  and  thia  without  hpKit^tioD, 
thftrt^h  omald  not  rend  even  the  atmplest  worda  in  larfje  type. 
Yet  tht!  Bsinie  wordw  could  be  'altered  with  eajse  imniediutfly  on 
boanng  them  proimunced.  SJ^  copied  f/*fi  ^onttcn  word  '  Ijon^ 
doH*  /itidtj  ituU  with  her  lejt  Jifind,  buf  could  wt  wnt^t  *  c(U  '  or 
*  dotj^  a/ivr  meiel^  ftearhfj  tfmt%  ptonrnttitad,,  thotUfk  sh$  could 
gpi'U  the  aame  wctrdit  quite  wdl.  She  coqld  not  even  write  the 
fii^t  letter  of  either  of  these  words.  ,  .  .  ,  Twelve  monthss 
afterward?  ehe  was  found  to  1x3  in  much  the  eame  condition. 
Qnnld  not  read  aloud  even  snph  simple  words  m  '  aod  '  atid  '  for' ; 
f^uld  finhit  out  any  Utters  which  ipcre  named  with  th^  fp'tatottt 
«ajn?,  6fti!  emtld  not  herefrlf  niam  f  if*e  leitef*  iphf;n  th^y  wtfre  pointed 
to.  She  had  imj^roved  in  lior  power  of  walkings  and  woa  also 
able  to  talk  rather  better,  t^lie  ouuld  read  a  lett^T  silenUy  so  as 
to  understand  it,  thnnph  aHe  did  not  always  sefltn  to  comprehend 
wh&t  read  in  a  newspaper  or  a  book.  When  seen  Oj^in,  four 
jtam  afterwavdst  thif;  patient  was  found  to  he  in  much  the  eume 
condition. 

It  is  worthy  of  note  that  during  tlie  early  stages  of  this 
woman's  illness,  she  soemcd  to  bo  suffering  from  ordinary 
Aphasia  with  right-sided  paralyaia ;  it  yftis  only  after  »be 
recovered  her  power  of  Speaking  that  it  waa  poasiblo  to 
obtain  evidence  of  the  more  special  defects  above  illus- 
trated, which  pointed,  as  may  be  seen,  to  a  severance  of 
funttional  relation  between  the  left  Auditory  ami  Visual 
Word-Centres.  Thus  she  could  not  rend  aloud,  neither 
could  she  write  fiom  dictation— both  of  them  hei«g  acts 
which  require  the  (^ttjoint  activity  of  these  two  Centres,* 
But  she  could  freely  articulate  words  which  she  heard, 
and  could  copy  writing  easily  with  her  left  hand — 
cause  these  were  acts,  one  of  whii^h  called  the  Auditory 


*  EspeciaUy  iti  personal  not  very  well  edncuted.  and  then^fore  not 
|.     thoroaghly  habituated  to  the  performance  of  these  proceeses,  J^i- 
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and  the  other  the  Visual  Centre  into  operation  ioj 
pentleotly  of  tLe  other.    The  atit  of  copying  wag  in  th' 
case  performeJ,  as  a  result  of  rcct^nt  practice,  *itb  tb 
left  band ;  so  ihut  the  fitimali  operating  opoo  the  mo 
centres  (in  the  right  coq^us  Btriatiitn)  must  havo  iniin 
diately  emanated  from  the  Viaunl  Ceutre  of  the  right  sid 
Tlie  details  of  the  aecand  case,  which  is  even  mo 
iutereiiliiig,  are  fuller. 

Thoa.  A  ,  a  iinplate  worlrer,  forty-two  years  of  agp, 

admitted  into  Unireraity  Colkgft  H<wpital.  March  ]2«187d,  Th 
monttia  prov*ioi)&ly  he  had  become  suddenly  partly eed  in  the  rig 
eiilo  of  the  body,  withoat  coriTalsion  or  loas  of  consciottBiir 
bnt  after  the  utUck  Uis  speech  wan  found  to  b«  alnioat  loot  Wh 
admitted}  be  had  become  able  to  move  his  right  lo^and  arm  Jtligblly 
though  thero  was  still  BOrne  dtminution  of  Kenaibtlity  on  tkisti 
of  the  body.    There  waa  a  slight  amount  of  rigl;t  fucia!  paralyfr' 
and  some  deviation  of  the  tongue  to  the  right    S{(}hi  and  het^r* 
teere  (jood.     Ha  continued  to  improve  slowly,  and  on  April  2  h" 
condition  ia  thiia  described; — He  recofrriizefl  common  olgects,  but 
ciLDtiot   n:ime  them,  repudiates  a  false  name,  and  recc^utzea. 
the  thbI  one  at  once  when  be  hears  iL    Can  never  remember  h' 
own  oamo  till  it  is  auggo^ted  to  htm.    On  beinjct  aeVed  to  repeat  * 
(Andrews),  after  a  few  trials  which  rary  encb  time  he  pronoun 
it  *  Anstnitbere*  or  '  Anstrewa.'  His  first  name  (Thomaji)  setina 
come  more  readily*  and  he  can  oftea  attempt    this  wilbou 
prompting.    But  either  after  it  baa  been  repeated  to  hunt  or  wh«ii 
h^saya  it  upoutaneouuty  lieprgnonncefl  it '  Towvers.'  The  lirtter  *  L* 
K  dilBcttlt  for  him  to  utter,  sometimes  he  pronouncet  it  like  a  '  D,' 
and  at  others  like  a  '  Y.*   Ho  haa  bc«n  tatig^ht  to  cnrtoti  aud  can 
fnirUj  pTOnounre  the  nttmrrale  frOTft  <me  to  ttcdve;  after  twclvo  he 
in  uncertain,  the  articulation  and  order  becoming  rapidly  worse.  Ha 
ifl  conFcioofl  when  he  matcoa  a  miBtake,  but  ^nnot  correct  hiiiiMfl 
and  ends  in  a  hopelees  niuildle.    It*  rc<itlin;f  /rnm  «  bovk  the  ipi 
kit  pronounces  have  no  rvlaiion  to  the  print,  citJu-r  in  Icfufih 
snitiid — jidilfieT  does  fiesectn.  to  utidersttind  vi'riifcn  i  haraetiTS^  as  hs 
tcilt  not  attetupt  to  avmcvr  a  qmMion  v>riifen  on  a  a/a/tf,  tKough  lU 
iriU  at  mt-M  endmvour  iorespond  witen  the  same  tjucation  is  put  to 
him  omllif.    He,  honrererp  rtcofjuitsuB  mimeralsi  from  one  to  nine 
iiehen  wntttfn,  and  is  oouficious  when  ihey  are  uut  pluc^  iu  ri'gulnr 
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order.  He  cantiot  name  any  coins,  but  ecems  to  liave  soma  idea  of 
their  rc^alivc  volue.  Hq  Indicated  on  bis  lingers  tbut  six]j€nGe  wae 
worth  BIX  pendies — not  bcinjj  able  from  aigKt  to  otter  ita  imirif?. 

On  April  16^  tlie  patient  had  two  slight  fits,  whinh*  jud^rin^  from 
tlie  Byinptoui*,  wtre  apparently  doe  to  some  further  Alight  ilwmatfe 
tc*  tWe  left  aide  of  tliu  brain.  After  neither  of  tiuae  tita  did  bb 
speech  seem  to  be  worse.  The  aecou  however,  waa  followed  by  an 
wg-gravsviion  oftht  rif^ht-aidcd  pamlydia,  though  there  vram  na  furthtT 
impairment  of  aensil"iHty.  Tliret?  days  afterwards  this  increase  of 
pamlyiais  had  passed  riff,  und  VSiG  patient  vfus  a^^aiii  able  to  walk 
about  the  ivard. 

Two  weokn  afterwiirda,  it  was  noted  that  hj*»peecb  w&«  bad  as 
ever  J  ho  could  mum'  any  njimeml  writton  down  and  pointed  out  to 
hisn,  and  he  coulil  also  correctly  add  stnall  columns  of  three  or  foot 
fij^urea;  but  he  aUogrMu^r  failed  to  imme  indiindttal  Irihni  of  the 
nlphahH^  however  plain  or  large  they  mi)Lflit  bo.  He  could  recogniiie 
cnmmob  objects,  8u:^h  as  a  dog,  a  fowl,  or  a  trce^  in  an  engraving, 
and  point  out  any  one  of  tlicm  wliea  lislted  to  do  so.  But  be  could 
not  volunteer  thft  name  even  of  the  must  familiar  object  to  which 
he  pointed. 

May  8. — AaVcd  anccessively  to  name  large,  separate,  printed 
eapitala  O*  K,  and  G  fiom  eight,  oa  each  occaaiou  he  baid  '  F,*  and 
on  D  being  pointed  to,  he  called  it  *  M ' — though  he  repented  the 
name  of  each  of  these  Ititters  without  a  rooniont-'a  hesitation  after 
hearing  it  pronounced.  Although  there  is  this  inability  to  name  let- 
ters from  Bight,  thcpQtitint  now  teemata  nnden^tBtid  Bimple  sentence'* 
written  or  printed ;  tbn»,  when  the  B^nteuce  "Have  yon  a  wife?" 
was  written  on  a  alat(?,it  seemed  perfectly  evident  that  he  under- 
stood Ibe  wrilin*;.  Hia  condition,  however,  iu  tbia  respect  aeems  to 
vary  from  titue  to  time.  In  thfi  e^iia^ice^t  il^e  m£Anin(}  of  whteh  ha 
oomprehenda,  It^  is  siill  iiniia  unofrfa  to  pronounce  tks  vidittidural 
ia/ord$from.9ltfh.tj  thottfjh  after  hearin/j  ihc^m  uit&red  he  nan  aHi^ulate 
thtim  ai  ones,  more  or  less  distinctly. 

Two  days  afti?r,  he  *ras  obf^erved  readini^  something  in  the  tjowb- 
paper,  and  on  being  ank^d  if  he  ouderHtood  it  (the  ri?port  of  a  case 
of  jioiaoiiiog  in  a  police-court),  he  at  once  said  he  did,  and  unmia- 
takeably  indicated  by  his  gedturea  that  this  was  true.  With  his 
left  hand  Jte  could  ^nrUe  his  owft  namG  aft^  a  cnpi/,  hnt  rutt 
msihf  with-out;  and  ffameilmaa  not  at  all  A  less  ftitrtiUaf  icord 
hf.  did  not  etfeji  attempt  to  write  from  ih&  aoiind,  cwen  w/«!Ji  it 
had  been  di^tnicthj  Jt^md  nud  comj^rtaheitded. 
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It  wO]  be  obMwed  thai  Urn  patieat**  lUle  ob  April  j 
wmm  diat^eUj'  dtficm^  from  vtei  it  bnuDC  tovaria  tbe 
end  oC  Ibe  moetk,  aft«  the  two  iU.  At  in*  be  luul  m 
pover  of  fecoQiBg  tbe  Asmcs  of  tiamtmm  utjtcle — be 
eotild  cot  BAme  tbea  >t  m^A.  Kdlber  co«U  be  volm* 
Unlj  Tffcall  Ui  oiTD  Aaioe.  And  ^Atta,  after  proaif*' 
log,  be  eodeevooTcd  to  ivpeet  onrds,  bis  piw^iiiitien 
ehoved  J^t******  drfects  of  tbe  incDordiaBtB  tjpe-  In 
attetDpting  to  n«d  ek«d  from  %  book  tbeee  iaeo9ffiMte 
deliMie  wen  so  ma^ed*  se  to  meke  wbsl  be  mid  ^«ite 
nniotpltigftle;  fieither  did  be  Beem  to  eani|vebeB4  uj 
wrilt£ti  dbaneten  except  ample  nvmefide.  Torade 
the  e&d  of  Apdl,  bovieiTir,  vbibl  tbe  pBtieBt*ft  Bticfaaee 
bed  beeome  moio  ^ithwi  is  rnpretiiiB:  viiv4i  wbidb  be 
bed  bcaidf  be  eoold  not  even  emit  in  vniBtdfi^le  j^fgm 
in  attempting  to  reed.  At  tbe  eeme  time  be  bad  become 
«ble  to  nndersUnd  vbat  be  leed,  tboo^  be  etfll  eoold  not 
nane  eten  n  lin^  letter  nt  i^^it,  nor  ondd  be  onto  a 
wmgLB  ward  fropi  dietntkm — botb  tbeae  latter  piniwin 
re^oiring  §ar  tbetr  pexformanee  tbe  pvoper  relation 
(and  tberpfore  tbe  iniegritj  of  tbe  wtmmtfamrf)  beiow 
tbe  Vkaal  and  tbe  Auditory  Word-Centres.  TLat  part 
ibe  commissDTie  which  eooT^B  ■^'■""M  hom  the  Visnal 
tbe  Anditmj  Word-centres  (as  in  readittg  alood)  seems 
bare  been  more  extensirelr  damaged  after  tbe  two  fits 
than  it  was  before.  Tbe  laci.  bowever,  tbat  be  eoold  reed 
•jjd  pronofioee  tbe  names  of  snmermls  saggssto  tbe  poesi- 
bilitj  that  these  more  uits  msj  hsTe  been 

aiticnlated  bj  means  of  stumzli  passing  diicet  fiocn  tba 
Mmal  Word-Cent2«  lo  tbe  half  of  tbe  Ksnntbetie  WdnK 
CenUe  coDcerned  with  Speecb-MoTementa  (9ee  p.  (I2t). 

Dr.  Btoadbent  baa  lecofded  an  extremei/  rare  and 
iut«resting  reeah  of  oetebtal  dxaease,  elosilr  allied  to  tbsi 
(uand  in  the  two  cases  jnst  reUted.    Hie  ^tti***!  bo«swr. 
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had  not  lost  the  power  of  'voluntary'  or  of  'associatiouar 
recall  in  the  Autlit4>ry  AVord-Cetitre.  He  spoke,  in  fact, 
fluently,  and  with  only  an  occasional  hesitation;  though 
he  was  unahlL^  to  write  at  will. 

The  patient,  a  gaa-itiapector  of  remarkable  energy  aod  intelli- 
getic&t  after  an  acute  certbml  attack  had  entirely  hat  the  power  of 
numing  oliject«  at  t^i^h.t  and  of  reudiag.  He  talkt^d  flineiitly  atid 
inlelEtg^Dlly,  ecnrcoly  ever  ma.de  a  mistake  in  ivuevIb,  but  wiia  flome- 
timeia  &t  K  hiss  for  a  uTime,  especially  of  a  atroiit^  place,  or  person. 
Ho  wati,  however,  qnite  unable  to  read,  or  even  to  name  a  Mti^le 
letter;  the  only  exception  b<i.'in<^  thul  ba  recognizl^i  hia  own  name, 
whether  written  or  printed-  though  even  here  hs  did  not  know 
whether  the  Ghribtian  iiHraeB  or  initials  only  were  given»  Whilst 
this  was  the  case,  he  terote  correctlij  from  dhtatitmi  and  took  n<'tf« 
iff  mij  inetrnei\mi$t  whiah  he  cijiihi  not  read  a  moment  aft&rward&J*' 
He  explained  that  he  was  forgetful,  and  his  wife  would  make 
tbeoi  out,  If  a  baud,  or  an  article  of  clutbiag,  or  any  familiar 
object  were  shi7wn  him,  he  was  quite  unable  to  name  it;  ^oltiU  if 
nntne  eanifi  up  in  romuT'iftfion  he  spoke  it  v^Uhout  heattatloH. 
Asked  the  colour  of  a  canl,  he  could  not  glvi^  it.,  "  la  it  blue?  " 
**No.'*  ** Green f"  "No."  Red P "  "Well,  that's  more  liice 
iU"  "  Oninge  ?  "  "  Yea,  orange/*  A  square  and  a  circle  wwre 
drawn,  atid  he  was  asked  to  name  cither.  He  could  notdoit;  bnt# 
when  the  cirde  was  called  a  sqnare,  he  said,  "No,  but  that  tsp" 
pointing  to  the  proper  figure. 

The  injory  of  a  aingle  set  of  commiiisural  6bre3  (the 
viauo-iiuditory)^  with  the  addition  of  soiuo  slight  defect 
in  the  ViHual  Word-Centre,  would  produce  such  a 
combination  of  symptoms  as  aro  abovo  recorded.  AVe 

*  In  the  more  detailed  account  of  this  cnse  it  ifl  said  be  could 
not  read  his  own  writing  "  an  hour  lalor/^  It  Beemi  that  there  waa 
more  than  an  ioability  to  read  aloud,  He  showed  an  inability  to 
comprehend  worda  (from  defect  in  the  Viaual  Word-Centre),  such 
as  did  not  exist  in  the  previoua  casee,  thtiugh  there  was  no 
inability  to  recognize  the  nature  of  common  objects  or  even  of 
geometrical  Hgnres.— "  Brit.  Med.  Jml.",  April  8.  1876,  p.  434,  or 
with  more  detaila  in  "  Med.  Chir.  Trana/'  187*2  (Caa©  viii.). 
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have  supposed  that  iinpr«BsioQ3  made  ou  the  VisubI 
Centre  usually  pass  from  it  to  tbe  AuJitory  Worti- Centre, 
and  thence  through  the  KiQXBsllietic  to  the  Motor  Centres  i 
the  Sighl-impressiona  are  to  be  named  articulatelv.  Bat  if 
merely  this  e^t  of  eomruissaral  iibres  were  diimAg£<dy  tha 
indiviJunl  would  be  left  with  bis  Si^t  iotact,  and  with 
hia  ordinaTy  powers  of  Speech  iutact — 4ie  would  simply  he 
unable  to  read  or  to  Dame  from  sightj  hecaase  of  the  block 
between  the  Tisual  and  the  Auditory  Centres,  In  tliis 
particular  case,  however,  the  block  seems  to  haTe  beeiv 
only  partial,  since  the  mau  eould  still  writ^  from  dictalioii 
— a  process  usually  Decessitating  the  passage  of  Btimuli 
irom  the  Auditory  to  the  Visual  Word-Centres,  before  tha 
excitation  of  those  parts  of  the  KiuajBthetic  \Vord*Centrea 
concerned  ivith  WritiDg-moTeraents  and  wbence  issue  tbe 
appi^opriate  outgoir^  stimuli. 

Stilt  it  is  possible  that  both  the  sets  of  commiwiiTil 
fibres  may  have  been  destroyed,  and  that  in  this  case  of  a 
better  educ4i(ed  man,  I11&  more  familiar  Writing*moTeiDeiits 
may  have  been  evoked  by  the  past^age  of  titimuli  direct  frofll 
the  Auditory  to  tbe  Kinssesthetic  Word-Centre — rather  than 
by  way  of  the  Visual  Centre  (see  p.  644),  ^ 

Dr.  Bro&dbcnt  iutei'prets  this  case  quite  difierectly.  His 
opinion,  however,  aa  to  tbe  separate  existence  of  a  singlar 
*  naming  centre  '  altogether  apart  irom  the  Perceptive 
Centres,  is  not  here  adopUid.  We  haTc  postulated  iu^ 
atead  the  eiistence  of  three  '  word^oki«fl '  aa  importaEt 
Aud  intimately  correlated  parts  of  tho  more  general  Audi- 
tory, Visual,  sad  Kiniesthetic  Centres,* 

^  It  ig  diScult  to  get  evidence  of  the  exbteooe  and  B|i«cuii 
activity  of  the  laAt-named  cjomponent  of  thu  toiad,  btii  mux  xh^ 
above  waA  writteq  the  smUior  hs^  ^evu  id  Vdd  Zienuseq'g  "  CjcId* 
paedia,"  vol.  ziv.  p.  776*  b.  short  abstract  of  an  exceediagly  ialerMtinC 
ca^e  (recorded  bj  Weslphal)  baving  some  r^laiiona  with  that  abov* 
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Thfi  three  principal  cabbs  i-ecordi^tl  in  this  eection  are 
particulnrly  jmporLaiit  from  a  psycbolugical  point  of  view. 
They  eoable  us  to  trace  Will  or  Volition  to  its  sources 
— when  we  lind  persons  UDO-Ue  to  Will  an  act  in  response 
to  a  Visual  Impression,  Ibouffh  thoy  can  at  once  and 
without  hesitjitiou  eflVctivoly  Will  the  Bume  act  in  response 
to  a  related  Auditory  Impression— or  vice  vcrsd  (pp.  353, 
355). 

m  Aphasia* 

'  5. — Damage  to  the  Jirsi  jfarts  af  the  oiiigolng  trades 
lt!tuUng  from  the  Cerebral  Word-Ceittrea  to  the  Ir/t  Corpus 
Stnattivt* 

Jlitherto  we  have  been  cousiderhig  defects  resulting 
from  abnormal  conditions  of  the  Auditory  and  Visual 
Word-Centrea   themselves,    or   from    injuries  to  their 

*  afferent '  or  *  commissural '  fibres ;  now  we  turn  to  the 
illustration  of  the  reBults  following  upon  injuries  to  the 

*  outgoing  *  fibres  from  tbeBe  and  from  tho  Kinjesthctio 
Word-Centres — thoBO  which  brin*j  them  iuto  relation  Avith 

givGn»  and  afFordlng  alao  some  ioformatinn  of  the  kiad  referred 
to.  Of  tUit^  patient  it  is  said: — "He  cnuld  write  very  ^veU  from 
dictation,  but  shortly  after  he  was  nuable  to  read  tbe  words  he  had 
written,  and  bo  salfmd  in  general  frota  complete  alexia  [t,& 
inabUity  to  comprehend  written  eymbola].  By  means  of  a 
atratflgem,  howevert  as  ho  himself  very  clearly  eacplaiaed,  ho  ano- 
ceeded  in  reading  the  word  lie  bad  written  from  dictation  iqioq  tbu 
tablet.  He  piiaBed  hia  fingf*r  over  each  letter  of  the  written  word 
as  if  he  w^re  writing  it  og^n  and  read  it  while  bo  doing'.  He  then 
nude  a  sort  of  caluuLition  and  counted  off  the  sum  of  tlio  eeparato 
letters/'  Here  appu-rently  the  Kiuji^stbetia  ItnpresHioiib  from 
Writing-tnovements  were  capable  of  rousing  related  parts  of  the 
Auditory  Word-Centre  bo  ae  to  oniiljltj  them  to  »ct  throiigh  the 
other  portion  of  the  KiniEathelic  VVord-Cenlre,  and  thus  evoke 
S^>eeqh-movementi** 
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the  Motor  Centres,  concerned  Trith  Speech-movemen 
and  with  Writing-movemente,  in  the  Corpus  Striatum, 

The  relation  existing  between  the  Auditorj  and  Vieu 
"Word-Centres  and  the  parts  of  the  KiQ^eethetic  "VN'oi 
Centres  to  which  impreBsions  derived  from  Speecb-mi 
ments  and  Writing-movements  respectively  proceed,  b 
confessedly  uncertain.    There  is  reason  to  believe, 
ever,  that   the  incitatione  fvbich  evoke  Speech 
primflrily  from   the   Auditory  Word-Centre,    and  the 
paHB  through  the  corresponduig  Xiufcsthetic  Wovd-Centre^ 
BO  as  to  ronae  it  into  conjoint  and  practically  simnltaneaufl 
activity.    Similarly,  there  is  reason  to  heliuve  thut  tho 
incttatione  which  evoke  Writing- movements  start  primaril 
from  the  Visual  Word-Centres,  and  thence  pass  ihroug 
the  related  parte  of  the  KinjEsthetio  Word-Centres. 

It  is  clear,  therefore,  that  Jestmclion  of  the  Auditor 
and  of  the  Visual  Word-CentreB  TFould  cause  inability 
Speak  and  inability  to  Write.  These  disabililiea  woul 
however,  be  associated  with  Buch  defects  us  have  bee 
considered  under  the  head  of  Amnesia — viz.,  inability 
comprehend  Speech  and  Writing*  together  with  inabiltt 
to  revive  Auditory  and  Visual  ideas  of  Words. 

What  we  are  specially  concerned  with  in  the  presoufc 
section  are  the  results  that  follow  npon  damage  to  tba' 
outgoing  tibres  leading'  from  the  left  Auditory  and  Yimt 
through  the  Ivintirsthetic  Word-Centres,  to  the  great  Jfoto 
Ganglion  beneath — viz.,  the  Corpus  Striatum, 

It  would  Beem  that  these  two  sets  of  outgoing  channel* 
are,  at  all  events  in  some  parts  of  their  course,  sittmte^i 
moderately  close  together,  so  tliat  they  may  be  dcetroyed 
simultaneously  by  some  small  lesion,  and  that  too  without 
tlte  impHcatioD  of  outgoing  fibres  for  limb-movements — 
»nd  conseijuonlly  without  the  association  of  a  riglil-sidcd 
nralvKia.    Onct  wf  tb*i  two  case**  onginnlly  described  by 
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Brocfl,  in  1861* — that  of  Lelong — evidently  eonfonned 
to  tliis  tjpe^  but  as  he  did  not  come  under  obseFvatiou 
till  some  time  after  tlio  cominencDtiicnt  of  his  malady,  we 
Bclect  a  fairly  Ljpical  case  recorded  by  Dr.  Batemftu.-|' 

A  woternian,  fifty-onti  years  of  age,  ttnd  prcviotisly  Kcaltby, 
after  licli^ing  to  unload  a  v^ss*?!  at  Yarmonth  on  December  IHt>4, 
wyut  to  a  tavern  with  the  intention  of  aslciiig  for  some  beer,  when, 
to  hia  astoniehment,  be  fouud  bini8eli'  unable  to  spi'aki.  Ouly  a 
ftw  hours  previously  be  had  Ciitltfd  at  a  merchant's  office  and 
arranged  a^joiit  a  frtmh  curgu,  so  thut  ut  this  time  hia  B[i>Lit.ude  fur 
buaiutfi!fl  iu  no  wise  inipairtd^  His  loss  of  Bpt-ech  was  ac- 
companied by  no  ordinary  paralytic  condition,  for  ulthougH 
fiput^uldt'SB,  he,  on  the  samo  erening',  removed  his  ves^ti.^  from  otio 
part  uf  the  river  to  aiiothor,  and  Iho  next  day  he  helped  to  reload  )t 
wilb  a  frtjah  curgo  ljeh>re  sturtiuj^  fyr  Norwich  by  rail  On  reach- 
ing home  hia  trii'aJa  were  uhirmed  at  finding  that  his  voca-bulary 
was  limited  to  the  words,  **0h  dear!  Oh  dear  I"  There  waaiia 
marked  improvemf^nt  till  this  expiration  of  a  fortnight;  afW  this 
period  be  »ti«ms  prudualiy  to  have  become  able  to  utter  a  few  more 
words.  When  netti  by  Dr.  IjatttmiLn  about  three  montUa  and  a, 
half  from  the  comnienceraent  of  bin  itlneiSB  he  looked  well,  aeemed 
remarkably  intt-llii^'ent,  and  appeared  to  understand  everything 
that  was  Huid  to  him.  J/e  was  stUi  unable  to  givs  ex^esHon  to  his 
fihuit  htf  articulate  Um4jua(jef  except  in  a  very  imperfect  monnrri 
though  ht  could  move  his  ton  gun /red  if  in  aU  diredioiiu,  Ilu  had 
been  ahU  to  write  Jtiiattty  before  the  dat^s  of  hie  Ufness,  hut  A* 
had  alinost  lojit  this  powert  a&  wdl  that  of  speech.  Aiihough 
jmi  iibla  to  write  one  or  lli£io  'words^  he  could  nol  wri^«  a  senienc^ 
Ytt  there  tfan  vei  trace  of  parnJyRin  nfJimhut  either  &n  thf^  right  or 
on  the  left  #/(it'. 

l^ater  thiH  man  became  sidject  to  fits  at  Hhort  intervals, 
fter  nearly  tivo  yeara,  he  wuh  ayain  admitted  to  tho  HoepiluJ,  oti 
January  1*2,  18*57-  He  then  jseeiued  in  the  poasesMion  of  hia  usual 
intelligence,  and  waa  &till  free  Prom  any  tsl^ua  of  paralysis  in  limba 
<vr  fatre.  had  reguined  the  power  of  speaking  to  a  considerably 
test,  and  now  eufiered  front  a  ditferent  kind  of  defect—he  had 
e  Anineaic  ralh«^  tbiin  Aphiisic.  "  He  understunda  all  tbatia 

*  "  Balbt.  de  la  Soc.  Aniitom.,''  Aog.  and  Nov.  18G1. 
t  "  On  Aphasia  "  1870,  p.  65. 
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■aid^biit  u  affected  vith  an  incapacitj  to  employ  auLcrtaatf 
bs^Tingr  lost  the  memorj  of  word*  as  far  its  th^t  part  of  tpeecb  ic 
«oncemed,  atid  be  will  make  use  of  a  periphiasia  to  avoid  using  the 
ttubt^tantire  reqtiirud  "  A  few  mootKe  aflorwards  bo  becam«  para- 
lyBed,  and  Boon  after  that  eo  demented  as  to  necessitate  hia  remoir&l 
to  tli€  Borough  Aa^'lura, 

This,  in  its  first  stage,  seems  to  lifivd  beeo  &  case  of 
Aphasia  pure  aiid  simple.  Trousseau  records  Bcrcral 
iustiiDces  ill  which  such  a  condition  lasted  only  a  few  dikya 
or  perhaps  only  a  few  hours,  owing  to  the  existence  o 
flome  temporary  abnormal  cerobral  condition — ^induced 
occasionally  without  apparent  cause,  and  at  other  times  as 
a  sequence  of  some  great  excitement  conjoined  with  'worry* 
or  over-work-  Such  cases  are  not  extremely  rare ;  twoi 
or  tbree  of  them  have  aJao  fallen  under  the  notice  of 
the  writer* 

When  however  an  actual  lesion  exists,  of  greater  tHAg* 
nitude  than  that  which  may  have  becti  present  in  the  Brat 
stage  of  Br.  Eateman's  ease,  it  often  happens  that  t)ie 
A[)hasia  co-exists  with  a  paralysis  of  the  right  side  of  the 
body— <»r  a  right  Hemiplegia,  as  it  is  termod. 

The  larger  the  lesion,  too,  the  greater  ifl  the  cbauca 
that  the  Visual  or  the  Auditory  Centres  themselves,  or 
fiome  oIl  ihch'  commissures  may  be  seriously  damag&d: 
with  the  effect  of  producing  an  fidmixture  of  Amnesio 
symptoms  with  tho^e  of  Aphasia.  Buch  additional  symp- 
toms may  reveal  themacIveB  either  from  the  first,  or  only 
as  the  individual  begins  to  recover  trom  the  Apb&sic 
condition. 

Three  instances  of  complications  of  this  sort  will  now  be 
given.  The  first  of  them  being  a  case  recorded  by 
Trousseau,  in  wliich  Aphasia  waa  produced  by  a  lesiofi  that, 
at  the  same  time,  caused  right-sidod* paralysis  together 
with  inability  to  read — the  latter  disability  baiBg  prob- 
ably due  to  damage  of  the  left  YiBual  Word-Centre. 


SFE1-,CH  AND  THOUGHT. 


M.  X — .  ebL  57.  One  evening  whilst  riarqg  frRtn  hie  ohrnr  to 
ahake  hands  with  the  curate  of  the  place,  he  suddonly  staggered, 
Btatnmert^d,  and  dropped  into  the  aima  of  hia  viBitor,  who  hiid 
rui^bt^^d  fgrwitrd  to  t^npport  him.  He  renatUQed  m  a  moat  prufoaud 
a[>iipWc^tic  «tiipor  for  more  than  tea  hoora  with  complete  puralysia  bf 
the  right  side.  For  a  few  days  he  gave  only  obscure  signs  of  iiit«Ui- 
gi-<nec ;  hut  frotn  the  time  of  thiH  aeizurc  he  entirely  lout  th«  faoalty 
of  speech.  A  few  months  a-ltorwiLrds  (summer  of  184iO)i  he  almost 
completely  rt'covereJ  lUc  puwer  of  moving  hta  right  leg,  hut  the 
moTctnenta  of  his  ri^hl  arra  have  alnraye  beet)  impeded. 

In  the  spring  of  ltiGii»  Iii,  X —  waa  aeen  by  Trouaecnu,  who  gave 
the  fi>lluwiiig  account  of  htm  : — "  Bib  face  was  iotelli^^Hiit,  cheerful, 
and  full  of  heoevoletice.  He  6^en>ed  by  hia  gcstDrefl^  and  especially 
by  iho  Gxpreasion  of  hia  face,  pleased  to  s*e  me.  He  could  not 
Biwak,  and  otily  uttered  in  a  fftlteriag  voice  unintelligible  words,  in 
which  the  monosyllable  *  Yea  I  *  returned  fref|Qently.  When  1 
questioiied  him  be  answered  *  Yaa!'  to  everything,  even  when  he 
*hook  his  head  in  denial  •  How  old  are  you  ? '  Yes  /  *  How 
far  bauk  do  yon  date  your  illiH'SB  ?  ' — '  Yes, '  &c.t  &g.  It  could  he 
efti#ily  seen,  however,  thut  hb  waanot  satisfied  when  the  word  '  Yes' 
was  wrongly  applied,  for  he  then  mnde  an  impationt  gesture  Ha 
looked  plea^i^dp  on  the  contrary,  when  the  word  was  used  appro- 
priately. He  tiat  to  table  with  u&  at  diuner,  used  hia  left  band, 
and  ate  with  great  pro[>Tiuty.  He  looked  after  hia  gneista  during 
dinner,  and  took  part  in  some  of  the  disca^siotis  carried  on.  When 
the  duUr4ite  character  of  the  lamb  of  the  country  wag  prai^et],  he 
nodded  aaeent;  whilst  on  Bonieof  the  gneets  Haying  that  the  kid  of 
the  oouiitry  had  a  better  flavour  than  the  lamb,  be  Hhoot  his  head 
in  difliipproval.  He  made  signs  to  the  servants  to  hand  the  wint.*, 
and  whtiQ  wiue  of  an  esleumed  vintage  was  going  round  he  made 
sigiiJi  that  it  should  be  drunk  in  prefi^rence  to  the  resL" 

lie  played  every  day  at  '  all-foura,'  biding  his  cards  behind  a 
pile  of  IxXikSj  aJid  nsing  his  left  hand.  He  often  won  when  playing 
with  the  curate,  the  dootar^  or  hia  aoa,  without  their  allowing  him 
to  do  so  out  of  kindness.  Kin  ton  apd  Dr,  LafBte  declared  to  ma 
that  he  played  as  weU  as  he  ever  used  to  da  Sometimea  hia  eon 
sits  by  his  eide  to  advise  him,  and  stops  him  when  he  takes  a  i^ard 
which  Hoems  not  to  he  the  proper  oae»  but  he  insists  on  playing'  as 
he  likes,  and  by  winning  the  game  provi?6  to  his  adviser  that  if  he 
sacnHeed  a  card  it  was  becj^use  he  could  thus  improve  hia  game. 
Although  bis  son  manages  all  bis  aifuirsi  he  iasists  on  being  coti- 
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MUtc4Bbe«ilu»lM«ei»«»tf»eu.^;  a-td  fai«  m  aUtod  te 

■Mmtebd  bf  tkoM  hMumHy  aittsid  kw,  wbaa  flOlnB  pari 
of  the  dnda  49  Mi  fkmm  Urn,  «W  Uwl  be        I  ■iliifiii  lilt 
altcritlott*  an  BAie,  vyeb  an,  M  a  nde.  Mi4  MaottftUa.** 

tiQmdmammmtfmkaik0remdiUUHmrdwiikf}\\tiu\uktmmmt 

"  Afker  diBMr/  Trmmu  mjn.  *  I  tHed  loBafcao^bavlw  W 
c(mU  pvoof  fif  iMtihgeme*  As  b«  al«aj« aaa^awd '  Tan.* I 
aalDal  him  wlaAbar  Im  kMV  honr  tba&  wwIvm  a|iall.a^  aa 
aoddiay  Mcat  £  took  «p  a  large  quarto  f<olaB^  vkk  ti»  fioAawiqg 
titln  na  itii  lark  ^  Tlirtnijnf  iliirTirn  rtMnirii*  ■■■laMiui  bm 
to  poiat  oat  the  fcOwa  i»  Uwe  «N)rA«  wbicb  nagj  tba  wocd  *  Xm^ 
AhhoBgh  tba  leUera  vera  OMMV  thaa  oa«~tbiid  of  «■  Mik  mxt, 
he  ooaUaat  aawad  ia  doing  mm  I  witbad.  B/ tctto^  bis  to  Hck 
for  wck  letter  la  tarn,  and  hj  mlhnq  oai  ita  Banc,  ba  —  aegril 
after  aoae  beartatioa  to  poiat  oai  tba  fini  imvk  aad  vaa  ray  leaf 
ia  fia^ag  tbc  tbhd.  1  tbea  aafced  bim  to  poia»  aoi  tba  mm 
lelten  agaia.  whbcwt  a  J  caUiBg  IbeBoai  fint,bot  ttttr  hooking  §k 
Ike  book  atteBth^lj-  fee  aova  tiiai,  ba  tbw  h  wuk  a  look  «f 
amojaaee,  vbick  aboved  tkat  be  Mft  kia  uulaKty  to  da  a«  I 
Mbad  koa.-* 

It  hae  ofin  kappfocd  to  him  to  mj  a  word  vUek  ka  baa  acA 
atUfod  for  a  wtrj  long  tuee,  aa  if  aa  «4d  iaipneaMott  were  iwrral 
ia  kia  braUk  Soae  tin«  ago  be  dropped  kie  tiiii<tt»wliMf,  aad  «b 
a  ladj  aw  btm  pided  it  up  aad  gara  it  to  bia,  ba  mid  to  ker. 
*  Tlumks  ia  a  load  aad  dtctiDCt  wtsU».  Hie  6v«^  wm9  d»- 
ligktcd  at  tkia,  aad  Ikoagkt  ikai  ke  k^  iceofwcd  kb  epeaek.  Ba 
nm  asked,  isplorad,  to  eaj  Ike  wotd  agaia ;  it  ««a  npoatod  to 
btm  aeveral  taaeat  bot  aS  vaa  ia  raia,  ke  aeiar  ooald  epmid  i  aad 
tkie  aaa  tbr  g<aMrBl  niW.  le  coM  wH  mm  njiiiel  ike  mmfhei 
Moad  wkitk  had  frwa  mtimd  hefo99  kimk.  He  toU  Ua  age  cauaeUy 
ia  a  sioat  mnarkalla  way,  with  kia  fingn. 

*  Wkal  foUoaa,  kowmr.  ia  nlker  to  be  legardtd  aa 
beartDg  upcm  the  fonctiooal  activity  c(  kk  Yiaaal  Word^C 
vbieh  wae  rttj  defectira.   It  eocutitatRa  oo  ■eaiam  of  tke  dagift 
of  tkc  patieiit*8  inlelEgeseev  «aet  tla>  (as  ibuwa  hf  a  pnvlaag 
patagiaph)  wai  wdtpaeawvtd. 
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In  the  casp  nest  selected,  the  Aphasia  was  nlso  asao- 
ciated  with  rif3:bt-sideij  paralyaia,  but  it  was  acconipaniod 
by  considerable  mental  impairment,  and  there  was  evi- 
dence of  the  existence  of  damflge  not  only  to  the  Vienal 
but  also  to  the  Auditory  Woid-Ceutres.  The  patient 
could  neither  Speak  nor  Write.  Moreorer,  aho  did  not 
seem  to  he  ahlo  to  apprehend  the  meaning  of  spoken 
words,  and  ebe  was  equally  at  a  loss  to  understand  written 
or  printed  cLoi^acters*  This  case  was  recorded  by  Dr, 
Bazire.* 

"  M.  W— .  9iU  2't»ayoiing  woman  of  abort  atatnrp,  was  admilted 
a«  an  out-patient  at  tlie  National  Honjiital  for  the  Paralysed  anJ. 
Epileptic  on  Januaiy  10,  IB05,  suffering  (rom  imperfect  right 
heaii^jlegia,  and  cotaplete  aphasia.  To  all  my  qneadnus  she  inrtiri- 
ably  answercdj  '  Sapon,  Sapon^'  It  vraa  aacertaiued  from  a  relative 
who  accompanied  the  patient^  that  she  had  boea  seized  with  para- 
lysia  on  tho  right  side  three  months  previoualy.  The  actual  attack 
was  fluddL^n.  Slie  dropped  down  aenselcaSf  remiiini'd  in  tt  comatose 
condition  for  aeveral  days,  and  when  she  recovered  ber  eeni^cs  couM 
not  utlt-r  a  sinj^Ie  word  tM»yotid  *  Sapon,  Sajyin/  which  she  baa  ever 
sinoe  Vtj>t  repeating  at  every  turn.  The  paralysis  was  not  com- 
plotc  after  the  first  few  days." 

"  Wtien  T  6rst  saw  Ler  the  patient  had  walked  to  the  hoHpiiul^  a 
disttance  of  alxmt  two  miles  from  her  residence,  Hi^r  face  was  fiiU 
of  expreflsion,  iind  her  eyea  bt*aniiiig  with  intelligence;  yot  It  was 
manifest  tliat  thcs«  appounmces  were  deceptive,  and  tbut  her 
intellect  was  very  much  impaired.  Sitfi  could  not  he  made  to  w»- 
demtaud  at  once,  hj  wordis  alone,  wliat  was  Ti^fjtiired  of  her;  and 
ootdd  noi  alwaifs  ansiPer  correctlij  htf  gesim'es  the  qui:$tion$  ichich 
ahAvtas  ashed.  Her iftxnttufl^tim  tctts  not  so  dcoT  as  that  c/  a  deaf 
and  dumb  indwidiuil,  and  shf^  termed  not  to  he  able  io  underBtand 
the  meaning  of  ivords.  Thtvj  had  to  he  Bpoken  very  slfnchj,  and 
repeated  geoi^ral  times  htfore  she  could  cateh  tJiGir  jficaniT^g,  nnd  she 
moei  frcfiiu'vthj  failed  6cvipUiehj  in  this.  Oesturea  siw  U7idcrstood 
tU  onre.  Thus,  tcherit  I  aakvd  ht'r  to  show  vte  ht-T  totupie,  vha 
dtd  Ttid  always  da  eo  immcdfatchj ;  hut  on  puithg  otU  my  ou-a 

•  TroiiRseau's  "  Loctureii,'*  Trana.  p.  2*24^. 
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of  compreliendm^^  signs,  and  an  inability  to  Will  iiiitl 
execute  ovdii  the  simplest  motor  acts. 

M.  C — ,  a^t  21,  had  suffered  mucli  mental  diatrees  omag  to  the 
reeent  death  of  one  of  her  children,  Ou  October  3rd  «he  hiid  a  lit 
for  the  firat  timei  whilst  in  the  Btrt'ct,  but  wns  able  to  walk  home, 
and  during  the  two  dajs  which  intervened  before  her  admifisum 
into  Univtrwty  Collego  Huepital  she  had  twelve  other  epik-pliJorm 
attacks. 

Hoon  after  her  admiBstoni  ehe  had  another  series  of  couYuUiona, 
affi'cting  both  sidt^s  of  the  biidy^  though  principally  the  right. 
During  the  irttervak  between  the  BepAruto  attacks^  it  was  found 
that  her  face  wan  purtially  parnlyaed  on  the  right  aide,  the  riyht 
ftrm  was  completely  pamtyHed,  atid  the  le^  to  a  leaa  extent.  She  hud 
■ix  fieriee  of  these  convuUivc  attuckji  iu  the  three  days  followinf^ 
her  adrntFiaion,  and  during  thia  time  remained  in  a  dull,  lethnr^ia 
itate.  On  October  l!Jth  biie  gnidqully  bfgEia  tO  regiiin  a  certuiu 
Rmoutit  of  intelligence  in  look  and  mantier. 

On  the  l^ih,  her  attention  iionUl  be  at  once  am%ted;  she  mode 
div:ided  elTurLft  to  speak  after  questions^  and  was  able  to  say  'y^a' 
and  'no'  iridiulitictty,  though  not  appropriukOy.  When  told  to 
show  her  tongue  the  roeroly  opened  her  mouth,  not  attempting  to 
protrnde  the  or^D.  VVaa  able  to  awullow  without  dilPcnlty,  and 
t(Hjk  food  engerly.  On  the  26tli,  eeemed  atill  mure  intelligent. 
Did  not  protrude  the  tongne  when  told*  but  opened  her  mouth 
and  to^>k  hold  of  the  tip  with  her  fingers,  with  the  view  of  bringing 
it  forwards.  Although  Hnahh  to  move  it  oil  uwtlihd  vQlitlonai 
(j?^  a  iweci  Xoz&iufti  htting  applied  to  her  lip9  9h«  imnw- 
dfAUrhj  ptit  out  her  tongue  with  ijrcat  rsadtncsf^  and  whiiH  wttntj 
ii  la.v.tjkL\i  and  te^mtvd  much  plvtjsed.  On  the  28th,  looked  much 
brighter,  and  took  notice  of  what  panned  around  her.  Made  eigna 
when  she  wished  to  attruet  the  attention  of  the  nurse.  When  asked 
if  ^he  hud  pmn  hi  the  head^  she  nodded  nsnent;  hut  did  not  move 
her  haod  when  told  to  phice  it  upon  the  painful  part,  or  etso 
nioved  it  in  quite  a  different  direction.  Paralysis  of  limbs  and 
face  oontinncd  much  tha  aame. 

Abouttendnya  afterwardBlexamined  her  again  carefully,  Shehatl 
continued  to  improve  iu  the  jneaiitime,  and  could  now  say  *  Nurse* 
difcttiiclly,  in  addition  to  *  Yt'a*  aud  *No.'  Shv  could  not  repeat 
thA  slmiiU'st  vfiiecl  aomids,  nt  ithcr  fGtfrJd  she  %'i'ad  sinrjle  wnrJs  m 
inrye  printf  either  (d&ud  or  t&  hcrst}Jj\  so  <u  io  comprvhcnd  fAem. 
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She  conhi  in  fart,  jmivt  out  tniiividnal  capilal  letifn  tjf- 
Im-tje  tijpfi.  When  a«l;ed  to  pr.Iot  out  M.  adeT  b  long  lifM, 
much  preBsing,  she  placed  her  6nger  upon  W  ;  and  wJkmi  IoU  Utnt 
she  Venn  not  ri^bt,  and  iL*kpd  to  point  oat  W.  after  a  fltill  loRg<cr 
iTittrviiT,  ftlie  laid  her  finger  upon  She  $«emed  to  rretMjnt 
ftimxlutr  nhjefftt  and  Inimff  when  the  HffKt  Mvim*  trot  ffipVH  io 
Sfip-  cffttld  not  he  made  to  conni  htf  iayjtin*f  triih  Jk*r  yfcsv, 
aUhmif^h  had  h^cn  ihoiJrn  mrttt  earcfuHy:  tthat  ehewutt>4^, 
i^he  roatd  not  evpjthe  iw*fucftf  tn  grve  a  tin^fU  t'lpyfinrl  only  looAect 
dintrrMrd.  She  secfued  to  reootloct  her  own  name.  And  allhoni^h 
ebe  did  tiot  i?ive  any  eif^nw  of  mxjj^nition  when  the  name  of  tJw 
street  tn  which  nhe  lived  was  mentifined,  she  imniediat^ty  nodded 
fti^Dent  when  she  beard  the  remaining  part  of  her  addreaa — via^ 
'*  Fitxroy*sqnare,"  pronoanced.  She  n»rely  latt|ErHetJ,  but  fr«<]aentl 
had  tite  of  crying.  She  tittered  no  additional  exclamations  whm 
escitcdj  and  her  Tocahiilary  was  con6nt:d  to  the  three  words  abort 
menltoned. 

This  !s  a  example  of  one  of  the  severer  forms 
diBease,  in  whicli,  bej^d  the  Apbnma,  with  defectira 
activity  of  tbe  Auditory,  and  especially  of  the  ViftUid 
Word-Centres^  there  wan  &  general  impairment  of  menial 
power  due,  in  all  probability,  to"  the  extensive  natare  of 
iLo  Ic&ioD  in  tbe  left  Cerebral  Hemisphere. 

As  a  connecting  link  between  tbe  f»ligbter  cases  i>ortain' 
ing  to  this  cutcgory  and  tbo?;c  of  tbo  next — Agtapbia — 
a  good  eitampte  may  be  quoted  from  Trousseiin.  It  is 
ftD  iiistanco  in  which  there  was  greater  damage  to  tlie  oat- 
going  fibres  from  the  Visual  than  to  those  from  tbo 
Anditory  Centre — fiince  when  the  itidividnnl  had  retrained 
Bome  of  bis  lost  ability  to  Speak,  be  still  eonttnned  anable 
lo  enpreas  his  tboiigbts  by  Writing. 

"  A  youB^  kbonrcrj  tai.  29,  had,  apcordbg  to  the  atatementof  hi 
fr[iindK,  bren  seized^  iuddenly  and  ivitboat  any  anwgtiable  cai]0<s 
with  complete  mnti^m. 

"The  affec^on  for  which  became  to  the  Honpital  con^iBtcd  aolelf 
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an  uUt't  luiihiVdfj  fr>  »prah,  aUhout/h  hU  vHU'Utij<^i^^  stJcmGil  iu  htf 
ttnimpaircd,  and  he  cotild  perfectly  nnderatanJ  all  the  qnestiona 
tbat  were  put  to  him.  But  to  tliese  qtiesiinn^  lie?  invariaUIy 
answered  '  A' J,'  even  wlieti  he  nodded  hh  bead  to  sigDifj  asflcijt. 
One  of  tbe  stndenta,  howtv^r,  informed  nio  iiiat  when  left  alone 
with  htm,  hfl  Iiod  Buoceeded  in  making  him  say  the  word  '  donk,' 
after  many  repeated  trials.  I  found  only  a.  marked  deviation  of 
the  apes  of  the  tongue  to  the  right,  hut  no  oth«r  sign  of  pamlysiB; 
the  fac(*»  the  trunk*  and  limba,  could  be  moved  with  pcrftct  free- 
dom and  force  . ,  .  When  I  aBked  him  to  write  bia  name  down  he  did 
IjlO  CArrecllyp  hut  when  1  to!d  him  to  write  down  what  had  happened 
to  hira,  he  only  wrolti  'ira*,  tPft*,  teat,*  He  knew  [>erfectly  well 
that  thia  was  not  what  he  wanted  to  write*  and.  anoojed  at  not 
1>eiug  able  to  exprcaa  hia  thonufhtn,  he  pot  down  the  pen.  T^vo 
daya  atlter  this,  on  my  afiklng  him  to  write  down  the  name  of  his 
birth-place*  lie  wrote  ^ahme,  affme,  nlonf,'  and  did  bo  a^oin  wht'ti 
I  asked  him  to  wrtlti '  good  morning.*  Hi*  impatient  geBtureis,  all 
the  wiiilt!.  showed  tiiat  he  was  perfectly  conscious  that  he  wae  not 
writing  wliat  he  had  in  his  niiud.  On  the  following  day  he  wrote 
jiiin  wordd  thai  had  no  fteoee,  such  aa  *  ffame*  for  'eowp/  but 
e  eoold  say  '  Good  moj'nitiff^  Sivt*  spe4iking,  it  ia  true^  like  a  ehild 
ho  ia  learning  to  epeak,  A  few  days  later  be  BaEd  rery  distinctly, 
J  am  f>r**tfjj  wfU,*  and  then  *  Good  -rnorniuff.  Sir,  1  am  jfctfing  oji 
dl'  with  a  hesitating  voice*  however^  like  an  habitual  atammerer, 
If  ho  emleaTOLirs  not  to  atntter.  ^''heu  the  attempt  wag  renewed 
to  make  him  writej  he  only  "BcriLbled  on  the  paper  a  series  of 
ayllublea  without  any  nteuutngr  hut  he  managed  to  write  under 
diet^ition,  *  /  hai>e  eaten.^  " 

C.  Agraphia. 

B,—Davnirje  to  Emissive  Chtinnds  between  f he ■  left 
Uual  Word-Ct'tdrc8  and  the  Motor  Centres  in  the  com"- 
Bponding  Corpus  Striatum, 

In  the  typical  foim  of  this  defect  there  would  be  a 
Bev^mncc  of  the  connections  bctweoii  the  Vistial  Word- 
Centre  and  the  superior  motor  coutrt3S  coacerned  witli 
the  act  of  Writing — so  that  this  act  alone  would  become 
.impossible,  whikt  the  mental  powora,  with  ability  to  Reitd 
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and  ability  ta  Speiik,  woald  remain  intact.  This  Is  a 
perfectly  possible  coiulition,  ami  tbiit,  toa,  from  a  am: 
lesion  in  one  or  other  of  various  aitutitions.  The  ksio 
might  iiu^ticate  Ibe  ijbrea  tvhii^h  cuxiduct  the  Btimu] 
ixom  the  Visual  Wonl- Centre  to  the  Kina?stheU<;  Wor 
Centre,  or  it  might  involve  thia  latter  Centre  itst'lf,  or 
laatly,  it  might  destroy,  in  some  parts  of  their  coarse,  the 
fibres  passing  from  the  Kiniesthetic  Word-Centre  to  t 
related  motor  cectres  in  the  Corpus  Striatum.  In  eith 
of  these  ways  it  is  conceivable  that  a  person  might  los« 
his  ability  to  M''rite,  alone  and  without  other  defect. 

Should  the  individual,  however,  be  paralysed  on  tho 
right  side  of  the  body  any  sach  special  defect  would  be 
hidd-?U  by  the  more  general  loss  of  power  occasioned  by 
paralysis  of  the  rifrht  arm.  But  if  such  a  person  were 
to  attempt  to  learn  to  Write  with  the  left  hand,  there  ia 
no  reason  why  he  might  not  succeed,  provided  the  led 
Visaal  Word-Centre  were  itself  uninjiired  and  in  free 
comranuication  through  callosal  tibids  with  its  fellow  of 
the  opposite  Hemisphere, 

A  person  affected  with  right  Hemiplegia  would,  howero 
probably  he  incapable  of  re-acquiring  the  art  of  Writing, 
with  the  left  haudj  if  the  left  Visual  Word-Centre  itae 
were  damaged.    But  with  the  existence  of  such  a  lesio 
the  patient  would  also  be  nnable  to  eomprehend  written 
or  printed  Ian<^age.    This  seems  to  have  been  the  case, 
for  instance,  Mith  Trousseau's  patient— M.  X — ^,  who, 
notwithstanding  all  his  intelligence,  could  not,  after  thre« 
years,  write  with  his  left  hand  (see  p,  65*2), 

The  Agraphic  defect  is  almost  never  met  with  alone 
It  is  most  frequently  associated  with  some  mental  defect 
or  mtb  defects  of  Articulate  Speech. 

Again,  the  same  term,  Agraphia,  may  be  appro* 
priately  enongh  allowed  to  include  '  incoordinate  *  as  well 
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as  'pavalytic'  dot'tJcU  iu  the  power  of  mentiil  expression 
by  Writing.  Even  witli  this  extension,  however,  the  cases 
OD  record  tliat  can  be  included  under  this  head  are  com- 
paratively few.  The  first  to  be  quoted  is  oue  of  the  *  iuco- 
brdinate  '  type.  It  is  one  of  the  many  cases  illustrativG 
of  Speech-defects  for  which  we  are  indebted  to  Dr, 
Hugblinga  Jackson,* 

Ail  tilderly,  heal thj -looking  womaa  miiideDlj  became  ill  five 
weeks  before  admiseion.  Sbe  loat  the  entire  power  a?  apt^ecli  for  u 
week,  and  was  aUo  paralysed  *n  tha  nglit  aide.  When  eeen  there 
waii  no  apparent  hemiplegia^  btifc  she  complained  of  weakness  in 
the  right  side.  She  could  tbt^n  talk,  but  made  mifltakes.  For 
instance,  when  I  waa  trying  her  sense  of  smell,  which  was  very 
defet^tive  since  the  |>arii]ya]s,  ahe  said  in  aimwer  to  a  question^  **  I 
canH  say  it  bo  much/*  meaning  she  could  not  emell  so  well.  She 
frequently  made  mistakes  in  speaking,  and  called  her  children  by 
wrong  names.  Tlta  ictjs  newer  very  evi(J€nt  when  slie  c^me  to  i/w 
Jwspitalt  nnd  mojht  easihj  havo  been  overloohcdt  but  her  frienda 
complained  much  of  it.  She  aeemed  to  be  very  intelligent.  Har 
ffoieer  of  expreesioti  bif  iBritintj,  ho\aev9r,  was  nery  hadt  aU?iou(fh 
her  jpenrn^tnship  WIS  pretty  ffoodt  cons  i  tier  in  tJioi  she  wrole  wUfi 
ilifi  loenkeiud  ritjht  hand.  She  wrote  the  following  at  the  hoppilal. 
1  lirBt  asked  her  to  write  her  name— I  do  not  like,  for  ohvioitH 
rcusona,  to  give  her  real  name  for  corapariaon :  it  had  not, 
however,  the  sUghtest  refiemlflaace  to  the  following,  in  sound  or 
spelling,— 

Sdsnil  StcLAA  Satrhni." 
When  I  askud  her  to  write  her  addreas,  bhe  wrote^— 

SuSt-SJl  hUT  TS  MKU.  Tl^N—  LAIS,* 

Thinkinfjf  «he  might  have  been  nervona  when  she  wrote  at  the 
boapitnJ,  Dr.  Jackson  aski^d  her  to  bring  aometbing  that  she  had 
written  at  home.  She  did  so,  but  the  specimen  (a  fiic-simile  of 
which  he  gives)  waa  not  in  the  leaet  better  than  what  she  had 
previou«ly  written.  It  is  a  perfectly  meamtigleBs  asRembliage  of 
letterst  notable  only  for  the  frequent  repeiitioD  of  amall  gronps  of 
thorn,  in  a  fashion  which  we  ahidl  aUao  find  re|>cated  In  the  next 

•  Lond.  Hoep.  Reports,  vol.  i.  p.  4i32. 
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Uufortnaately  it  is  not  stated  whether  this  wotnao 
able  thorongbly  ta  comprehend  writUn  or  printed  di*^^ 
ract^rs,  and  without  knoningher  condition  in  iliia  rei^Mct, 
uo  safe  diagnosis  can  he  made.    There  was  ia  her 
an  ability  to  form  letters,  but  an  iuabilitj  to 
them  into  proper  words — and  thus  a  complete  inability 
express  her  thoughts  by  Writing,  even  though  hot 
in  Articulate  SpecL-h  were  comparatively  few. 

The  next  case  is  <m&  which  came  under  the  writ^' 
observation.    It  is  by  no  means  typical,  but  i^rj  peculiar 
in  many  respects.  The  man  was  a  Criminal  Lunatic — o 
who  Lad  been  some  years  before  absolved  from  tho  pen 
otherwise  attaching  to  a  murderoua  act,  on  the  grouni 
that  he  was  an  irresponsible  agent.* 

Tb«  patient,  originally  a  sailor*  is  now  aboui  45  yew  of  age.  sod 

^lartially  demented;  be  was  furmcrly  viul^ut  and  djtEigercias. 
witboDt  obdoQS  deltifflODB^  and  waa  certified  to  be  inline  in 
It  vol  not  tili  about  the  year  1^7,  or  Uter,  tbut  be 
to  write  in  an  ertraorJii^ary  m&Dner;  preriona  to  tbU  ihitff 
letiera  to  bis  friends  are  stated  to  bare  been  writtrn  in  An  m 
tdiigible  style.  The  peculiarity  manifested  itself  first  iu  tliin  w^j 
be  commenced  the  writing  of  each  word  correctty,  and  ibeti  in 
pinoe  of  some  of  the  remainitjg  letters  he  wrote  jfr;.  Aflcnr 
the  whole  character  of  the  word  became  altered,  and  duplication 
manj  of  the  consonants,  together  with  an  almost  inTariuble  term!* 
nation  with  the  letters  ndfudd,  or,  at  least,  endd^  became  the  most 
noteworthy  features  of  wriUng'  which  though  produced  voluni' 
noasly  was  almost  utterly  nnintcl]igib]e.f  Wbtiii  I  wui  is  th«  haltt 

*  The  particulars  are  given  nearly  as  they  were  recotded  in  tht 
"  Med  Chir  Rct."  for  Jan  ,  1869, 

*  Tronsseau  speaks  of  a  case  of  Aphasia  in  which  the  perpon 
during  recovery,  when  he  bocame  nhle  to  niter  a  few  xnonosj liable*, 
always  ended  them  by  itf ;  and  if  he  wished  to  say  a  word  af 
soveral  syllables,  he  only  pronoanctid  the  firi^t  syllable,  and  added 
iif  to  it,  saying?*  for  example,  '*  monlif '*  for  "  mon^iear,'*  lx»nttf*' 
for  "  bodjour,"  etc.  We  have  thus  additional  ^vidftice  of  the  nit 
lunlies  existing  between  the  different  kinds  of  defective  Si 
and  defectire  Writing. 


e.  and 

it  hP^ 

n  m- 
wayi^ 

prrni- 
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of  seeing  him,  about  tkree  years  ago,  he  gave  mc  very  many  alieeU 
of  hia  peculiar  writiog  at  different  times,  aud  from  wlmt  L  have 
in  nij  possession  I  hnre  cat  out  the  aixte«n  apecimena  that  have 
been  Ktliofjra  plied.  Tliesa  ahow^  pUinly,  that  he  tith^r  wrote 
with  a.  peculiar  and  continual  iteratian  of  certain  flyta  of  letters, 
the  writing  being  partly  intelligible,  or  else  that  it  was  a  mere 
■ucc^aaion  of  ]etter3  or  etrokeJi  to  which  no  meunicg  whatever 
couM  he  atlHchfJ. 

One  of  the  principal  pecuUanLiea  abotit  this  case  Is,  that  whilst 
the  man  writes  in  this  faghion  he  speaks  in  the  ordinary  way. 

At  my  rectuest  Dr.  Ornnpre  very  tindly  aubmitted  the  patient  to  a 
carffiil  re-exnmination,  and  the  replies  with  which  ho  has  fumitihed 
me  eeem  to  show  that  the  niaa  has  now  become  more  demented, 
though  hh  j^pociat  defect  is  much  lesa  marked  than  it  was.  Th« 
principal  peculiarities  observed  were  aa  follows; — 

1.  Hi!  can  speak  fiiiriy  well  for  a  short  time,  but  hia  atlctitioti 
wnndt  rs,  and  his  voice  then  becomes  drawling  and  jnoiiottmoua, 
wbea  he  often  eitlner  niisprononnceB  a  word  (generally  by  akering 
itA  termination)  or  Ite  eubatitutes  another  word  or  luero  sound 
baring  no  meaning. 

2.  He  can  read  the  newspaper  either  to  himself  or  aloud — but 
he  does  not  tcGtn  to  gather  the  full  meanmiip  without  efTurt,  and  hia 
power  of  coiitinnona  effort  is  amall.  W1k!ti  be  rvtads  aloud  ha 
fltumbles  over  the  diiBcult  words,  and  he  reada  in  a  drawling  tone, 
but  the  words  which  ho  uttert*.  if  not  actually  those  before  hiaeyea, 
are  wm-ds  of  a  somewhat  Bimdar  snund,  and  do  not  appear  to  have 
any  ohviimfi  relatiun  to  the  peciuUar  style  of  hi9  writing. 

3.  Ila  fipelLs  a  word,  when  aaked  to  do  bo,  in  the  way  in  whtch 
he  woiiM  wnto  it.  and  theu  be  pronounces  it  correctly  immediutcly 
aft^^rvvardi^ 

It  is  interesting  to  find  that  this  tnan*e  mo^e  of  EeafliDg 
was  in  accordance  wltL  his  mode  of  Speaking,  rather  tban 
with  his  peculiar  style  of  Writing.*  Upon  this,  in  part, 
we  base  our  view  as  to  the  nature  of  hia  particular  defect, 
Tiz. :  th^tt  it  was  due  not  so  much  to  disorderotl  action  in 
tha  Visual  Word-Centre  as  to  some  defect  in  the  emiasivo 

*  Though  the  reverse  obtained  ia  the  case  of  the  govcromeat  clerk 
recorded  by  Dt-  Jacks&a  Ip.  628), 
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cLaDQGlfi  Iw^yoiid — perhaps  in  the  part  of  the  Kinaat 
Centre  concerned  with  Writing-Movements.    It  is  also 
Lurmouy  \vith  the  ^-iew  preriously  ennnciati'il,  tliat 
leaditjn  aloud  usunlly  Vi&nftl  lujpressions  revive  co 
ppondinpr  Auditory  In^prcBsions  of  words,  ard  that  t 
Htimuli  which  occasion  either  form  of  Articulate  Spc' 
pass  in  the  main  from  the  Auditory  to  the  Kinirsthe 
Word'Ceutres,  and  thence  to  the  Motor  Centres, 

It  is  worthy  of  note,  however,  that  in  this  case,  as  well 
aa  in  others  in  which  there  has  been  defective  action 
the  Visual  Word-Ceutre,  the  mfule  of  spelling  was  aim 
entirely  hnimonious  with  the  patient's  mode  of  writi 
rather  than  with  his  mode  of  speaking*    It  was,  howev 
very  strange  to  hear  a  man  when  asked  to  spell  '  cat  ^ 
deliberately  '  candd/  and  then  immediately  prouonuca 
ivord  as  though  ho  hud  spelt  it  *  cat.* 

In  a  caFC  of  Agraphia  recorded  by  Dr.  William  Ogte^ 
there  was  a  grave  Amnesie  condition  an  regards  Speech 
though  this  was  associated  with  a  greater  inahility  U>  WriU 
than  existed  in  either  of  the  other  cases. 

Jame?  Simnionila,  6(^y-tuur  years  ol  age,  ntier  «  heftvj  hloir  on 
the  left  Bide  of  the  bead,  seven  yeara  ajfo,  was  obliged  to  give  op 
his  work.  He  Biwke  wittiout  dilficaliy  or  b^tiition,  bat  miscalled 
Dungs  strangely.  Hiii  then  had  a  tit  ouc  morning,  whiUi  dressing, 
which  lell  him  Bpee{:hl<?mi  and  henn[>[L'gic:  on  the  right  eide.  Fur  a 
fortnight  he  contd  not  fl|jeak  ut  all,  tKon^h  he  was  quit«  M;ns>il>l«. 
He  coidd  not  say  »a  tuach  a»  *yoa'  and  'na'  Frii:»ni  tbi4  h« 
gradually  recovered,  btit  always,  as  before,  miscalled  thingv.  .  .  • 
A  month  A^o  he  had  a  acoond  lit,  which  left  him  with  Jew  power 
than  befare  in  \iU  right  side,  but  made  Httle  or  no  change  in  bl4 
Bp^ecb." 

"Thi^re  is  now  partial  paralysis  of  tbe  right  aide,  which  does  not 
pr(ivent  his  wuJking-  The  Faciat  musdea  on  that  aide  are  clightlj 
affected  as  well  as  the  limbs.    Hia  speech  is  very  hesituting  and 

♦  St.  George'a  Hosp.  Beporta,  18^7*  p.  103,  The  convenient  word 
'Agraphia'  was,  in  tbii  article,  fir»t  introduced  by  Dr.  Wm.  0 
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imperfect.  Ho  often  atops  sudJeiilyt  B-t  a  Iohh  for  a  worol,  &tid 
tbeti  frequently  ust^'s  li  wrong  one.  As,  (vr  example,  lie  Bab- 
•Ututcti  'Uarber'  tar  *Ooctor,'  '  two  aliillitig  pk'co*  for  *8|^ietJtacle«/ 
'wiiikltiB*  for  *  watorcreiscii,'  itc  JI*:  ean,  Apim'<^r,  pronouncif 
amy  7fJord  perfecthf  luhen  promptfiL  Tic  saja  that  K&  genetujly 
known  wlien  he  haa  used  a,  wrong  woni.  but  not  always.'* 

**  Beforo  his  illneRs  h«  wroto  a  good  band^  and  was  aliove  hia  lot 
frs  regards  education,  JViJi*?  cunnotform  a  sinfjle  lettor.  Even  with 
&  copy  Ltifore  him  he  malies  only  uncertain  np  and  down  strokes,  I 
l^ve  liim  eouie  priuted  letters,  and  aaked  him  to  pick  out  hi»  narne. 
After  a  long  lime  he  arranged  JiCMivos.  Clearly  he  had  somo 
slight  notion  of  the  letters  which  composed  his  miine'  Accordiug 
to  his  wife,  before  hia  illiniss,  he  spelt  woU.  and  waa  very  purtitultir 
uboni  the  apelHng  of  his  own  nacnet  which  la  ona  admitting' of  many 
TarliLUons.  WiKin  a  copy  taa/t  hefttre  hhn  qnU'^kJij  picked  out 
(%nd  air<iuijed  kin  nnrm  corrccfhj*  ITc  can  read  ;  but  he  eays  that 
rcndtug  makes  him  very  giddy,  and  causes  great  paiw  in  the  head. 
Hla  g^ner&l  nnderatandiiig  aeems  good,  and  up  to  the  average  of 
l^eii  in  Via  clii«s/^ 

TliG  conditions  h^re  recorded  ropreseut  the  remaiudf.rs 
of  an  '  Aphasic'  attack.  Inability  to  spell,  iuabililj 
fipontaneouRlj  to  recall  tho  letters  composing  a  word^  pro- 
bably depends  in  tbe  main  upon  some  defect  in  the  VisQal 
Word-Centre ;  but  tlio  patieot's  ability  to  put  the  letters 
of  his  name  together  with  a  copy,  ahows  that  this 
Centre  could  act  to  soma  extents  Thiti  ih  seen  also  by 
the  statement  thai  h@  was  able  to  rsad  a  Uttb — though  his 
powers  in  tbia  direction  were  probably  vory  slight.  We 
may  conclude  that  in  tbia  case  the  moni  severe  or  durable 
Icsioas  were,  tbcrefuro^  in  the  track  of  the  emi&fiive  fibrea 
from  the  left  Yisual  Word-Centre — perhaps  iu  the  Kina&s- 
thetic  Word-Centre  itself. 

Marce  speaks  of  a  man  in  regard  to  whom  it  was 
noticed  that  be  was  able  to  write  immcrnla  with  much 
^eater  precision  and  ease  thiai  ordinary  letters — a  con- 
dition which  is  not  so  singular  as  he  tbougbt.  It  ie, 
judced,  conimoiily  thocaBC^  that  Amuoaic  patieuts  find  less 
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Uifiicalty  in  recalling  tbe  names  of  simple  numer&ls  th 
of  letters  (seep.  613),  which  is  not  to  be  \rondered  at  wh 
we  rocolltic't  that  tLeBe  in  uU  aro  nine  in  number  rnlU 
than  twenty-six,  and  that  the  obaen^atiou  directed 
individual  numerals  has  £ilwajB  been  of  necessity  mu 
more   intent  than  the   observation  of  single  lett^ 
The  degree  of  familiarity  with  a  set  of  objects  or  a  set 
actions  is  always  a  matter  of  ^cat  importance  iu  the 
cases  of  irapairod  cerebral  power:  the  newly  ac<]ulred 
more  coraplcK  acts  are  those  which  first  become  impos  ' 
hie,  whilst  those  which  are  most  familiar  and  most  dcejd 
ingrained  are  the  hist  to  be  interfered  with*    Dr.  Laseg' 
knew  a  musician  completely  aphasic,  who,  being  unHblo 
to  speak  or  write  in  the  ordinary  way,  could,  after  hearing 
a  passage  of  music,  write  such  passage  on  pajw  will* 
ease. 

D.  Arnp.Mu. 

7* — Diimage  to  Emissive  Channeh  between  lite  And 
tory  and  the  Motor  Word-Centres^ 

The  conditions  now  to  be  referred  to  are  related  to  de- 
fective communications  between  the  Auditory  and  th 
Motor  Word-Centres,  iu  much  the  same  way  that  tho 
of  the  lust  section  are  related  to  defective  communicatio 
between  the  ViBual  and  tho  Motor  Word-Centrea,  Wi 
the  neccHsiiry  changes,  what  is  there  said  will  also  he 
hold  good  in  reference  to  the  sitaations  in  which  lesions  of 
the  Brtiin  may  produce  Aphcmia,  with  the  addition  that  thi 
particular  defect  mat/  also  be  produced  by  a  small  lesi 
implieatin*?  the  lower  or  medullary  centres  for  Articnlatio 

These  caROS,  &b  isolated  defecLa^are,  like  those  of  simp 
Agraphia,  extremely  rare ;  though  one  of  a  typical  ch 
ractor  has  been  recordi'd  by  Trousseau  (sot  p.  6G'J),  Simi 
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iarly  they  may  or  miiy  not  bo  associated  with  paralysis  of 
limbs,  and  they  are  also  almost  invariably  occasioned  by 
lesions  in  the  luft  rather  than  in  the  right  Cerebral  Hemi- 
sphere, if  tho  scut  of  damage  be  above  the  pons  Varolii : 
bnt  whon  the  lesion  is  in  the  latter  situation,  or  in  the 
Mudulta,  the  question  of  the  Bide  affected  becomes  &  mutter 
of  indillereuce* 

The  nearer  the  lesion  is  situuted  to  the  Auditory  Word- 
CftKtre  (and  therefore  to  tho  Cortical  Grey  Matter),  the 
greater  is  the  likelihood  that  there  will  be  compiieatious, 
in  the  way  of  associated  mental  defects;  whilst^  on  tho 
other  hand,  in  the  casea  in  whieh  tlie  defective  action, 
resulting  iu  the  production  of  Apliemia,  is  to  bo  refen-ed 
to  u  lesion  in  the  Corpus  Striatniu  or  of  the  lower  artica- 
latory  centres  in  the  Medulla,  we  may  expect  to  have  to 
do  vt  itli  mere  motor  disabilities,  as  a  result  of  which  vocal 
Speech  will  be  rendered  indistinct  or  wholly  abolished. 

Some  cases  will  now  bo  given  in  illustration  of  those 
defects,  beginning  with  those  which  are  most  complex, 
and  thence  passing  tin  to  others  of  great  comparative  sim- 
plicity*  The  tir^t  of  them  is  an  illustration  of  extreme 
incoordinate  defects  of  Speech,  In  combination  with  other 
abnormal  conditions.  Though  complicated  and  obscure, 
it  is  too  interesting  to  be  omitted. 

This  ca.^e  was  recorded  long  ago  by  Bouillaiid.*  Tho 
man  did  not,  as  a  rule,  speak  iu  mere  uninttdUgible  jargon  ; 
he  mostly  made  use  of  actual  words,  though  they  were  of 
Buch  a  kind  and  so  collocated,  as  to  have  no  reEcmblanco  to 
wliat  he  ought  to  have  said.  When  reading  aloud,  how- 
ever, he  often  uttorcJ  nothing  but  mere  jargon. 

Loftivre,ajt  i>4,  after  eonie  citrente  mentat  anKtety, became  ciDahlia 
to  read,  write,  or  liiid  worJu  to  ex[>rt:Es  Ids  thtaightii.  Hia  Kensibility 
aad  powers  of  movement  wtre  unimpaired,  and  his  ^acral  health 
^  *  Traits  Je  rEiic-5p>nilite,  1&25,  p.  290 
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WM  pa^f  ffoo^  iTIiea  be  vUbed  to  ttfUf  to  qvettioM 
addieiBiEid  to  him,  be  made  me  of  oUicr  qslfefr 

iigtbl^  or  dae  bsfisg  a  mnaini^  qwttf  dtfifvat  froctt  tkat 
be  iatcoM  to  csqot^,  Wfaea  qvcatioocd  bs  to  U  If  ttfc, 
replied  ci^  J/  in  two  or  tbr«e  word«;  tlm  ia  cvdcr  to  My  ihml  W 
did  itoi  saSer  oi  all  Crom  pain  in  Um  bead,  be  mi.  *  La  doalcw 
onl0iUMii<  «»  a»— |gfr,*  «Ulpt  in  writug  frplicd  to  ikm  mxm 
qaMtioa  in  tkb  vaj : — "Jt  99  ^omfreptudetatHt.*  Wbeo  award 
Mob  M  fawtcigr  vaa  proBovncied,  and  he  ma  axkcd  to  zcpeal 
U,  he  wail  fmwmfe tfaoagh  be  wrote  it,  oa  tbe  eoartimfT'ff  q«bi 
eofiveUy  wbttt  aeked  to  do  ea  He  vaa  icqoeeted  to  coff  tbe 
woflib  femUU  mkidieaU ;  be  wrote  tbem  pntalj,  bvtOMU  sever 
eiadif  leid  tbe  worde  whifb  be  bad  just  writtea;  beprQwi«Boe4 
inetead,  fifmeaUf  fimi^aHs  aad  fidooaU.  Tbea,  wkea  vade  10  read 
tbe  wofd  yif »«oai»  witttcv  bj-  btmertf,  be  pvoBoanoed  it  jmtdniK 
He  oftca  wrote  «poM  F^m^  pbiaeei  wUeb  wen  nnlstdBgiUiw 
stbcr  bj  tbe  nminra  of  tbe  wotde  emptojed,  or  by  tbcir  ladt  eC 
telatioa  to  oae  aaotber.  Wbea  be  wae  ibovii  dtlevcBt  objeeta.  be 
gewenlljr  iwwl  tbem  ooneetlj;  b«t  tbcB  be  wae  wroog  at  tiia, 
aad  deriag  the  aane  nttiag  be  eaOed  *rae  pSaacv  «■  dnrp;  na 
eracboir.ieaeplewtj  »ne»a«,iNi liawe;  moe ootde, wi»e em** ;  aae 
bajpM^  ncniebotr." 

This  case  is  tompticsled,  and  one  in  which  tlim  wm 
▼err  dlsUact  meDtal  defects.  The  Tlsoal  Centn  aeems 
haTO  been  fairijr  health betM  the  patient  wag  able  to  ^ 
oomctlj.  From  the  fact,  however*  that  insiemi  of  repeat- 
isg  the  vord  *  Umboar/  when  asked,  he  eaid  '  frotsa^* 
thou^  he  wToie  the  vord  quite  eomcUj ;  aad  ftom  the 
fiKi  that  after  he  had  alao  copied  a  wnttea  word  properij« 
he  eoald  not  nghtlj  prooooDee  it,  we  maj  infer  that 
ptMaBMMn  receiTed  in  the  Anditonr  Ward-Centre^  mighb 
pass  on  correcllj  to  the  Ti$aal  Wor4*Ceiitre,  so  as  to 
f'uabl^  its  etjoiralent  to  be  oorrectl;  reprodticcd  ia  utitiiig 
but  that  impreeeioBs  atiildtig  at  oBce  upon  tbe  AmUUnj 
Word-On  tree,  or  eooung  to  them  from  the  Ttsnal  Word- 
Centres,  eontd  not  he  eurrectlj  rendered  into  articulate 
speech.    The  coiicIqskiq,  therefioce^  ia  wamsted  thai 
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there  was  in  tliis  case  uot  so  much  a  defect  of  the 
Auditory  Wo ril- Centre,  but  rather  soraelhing  wrong  with 
a  portiou  of  tho  emissive  diiiniiola  leading  frora  it,  by 
waj  of  tho  Kiuj£sthelic  Cfiutresi  to  tho  motor  centres 
for  Articulation — whereby  the  activities  of  the  Auditory 
Word-Centre  hccnme  (iucodrdiiiatcly)  associatotl  with  Arti- 
dilatory  Movementa  of  the  wrong  kind. 

This  defect  was,  therefore,  in  its  rehitiona  to  Speech, 
Tery  coraparablc  with  those  existing  in  relation  to  Writing, 
in  the  cases  of  Agraphia  recorded  by  Dr,  Jackson  and 
the  writer,  as  given  in  the  last  aiHitioa.  The  case  was^ 
however^  complicated  by  considerable  Amnesic  defects 
of  the  incobrdinuto  type,  showing  themselves  both 
in  Speech  and  Wriling,  though  more  fiequently  in  the 
former* 

lu  another  very  remarkable  case,  carefully  iiiTisatigat^d 
and  recorded  by  Dr.  Osborn,*  the  patient  was  able  to 
talk  only  in  a  meaningless  jargon,  and  on  attempting 
Id  read  aloud  gave  utterance  also  to  a  uerieu  of  articulate 
SDunda  having  no  intelligible  meauing  or  resemblance  to 
those  which  he  should  have  uttered.  Some  of  the  prin- 
cipal particulars  concerning  this  case  are  subjoined* 

A  scholar  of  Trinity  College,  Dublin,  bTenty-aii  yearn  of  age,  of 
wry  coneidertibk  literary  attuinmentB,  and  well  verised  ia  Frencli 
Itulmn,  aud  German,  whilst  sitting  at  breakfast,  after  ha.fing' 
bathed  in  a  neigbboariDg  klce,  ffuddi^alj  hod  an  apoplectic  fit  Ho 
Tfos  reported!  to  liave  become  sensible  in  about  &  fortnight,'*  but, 
altbotiffb  restored  to  the  uho  of  his  intellect,  be  hud  the  tnarLifica* 
tiomaf  finding  liimsdf  deprived  of  speech.  He  spoke,  but  what  he 
said  was  quite  nDiDtellij^ible,  although  he  ij:ib<:iured  iindt^r  no  para' 
lytic  aifllction,  and  uttered  a  variety  of  syllableg  with  the  greatest 
nppurent  ease.  When  ho  came  ta  Dubhn  his  extmordiuary  jurgon 
Jed  to  his  being  treated  as  a  foreigner  in  the  hotel  where  he  stopped; 
and  when  he  went  to  the  College  to  see  a  friend  he  was  unable  to 

•  "Dublin  Journ.of  Med.  and Cbuinicui  Science,"  vol.  It.  p.  1&7. 
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cxpreaa  bm  wisb  to  ihe  gate-port«r,  and  succeeded  Qoljr  bjr  pouiti 
to  the  upartmeDtfi  lErhich  h\&  friend  had  oecnpied. 

Dr.  Osborn,  after  frcqnent  cureFal  icvestigutiona,  aecertAiQed 
foltowing  particolara  concerning  liif*  patient:— 

1.  He  perfectly  compreliendeJ  vrery  word  said  to  him. 

2.  He  perfectly  comprehended  priftted  liingtiage.  Ho  cotittnn 
lo  read  a  newspaper  every  day;  and  when  examined  pmred 
bu  Uad  a  very  clear  recollection  of  all  that  lie  reatL  HaTing  p 
cured  a  copy  of  Andrara  '  Pathology '  in  French,  he  read  it  witK 
great  diligeince,  having  lately  intended  to  embrace  the  txtedicaT 
profeaaion. 

3.  He  exprei^sed  his  ideaa  in  writing  with  considerable  flaency; 
and  when  he  failed  it  apprared  to  ariee  merely  from  eoufuaioa,  and 
Hoi  from  inability,  the  worda  bemg  orthogFUphically  comcct,  but 
Bonaetimes  not  in  their  proper  places* 

4.  His  general  ment^il  power  seemed  onimpaired.  lie  wrote 
C*%rrectly  answera  to  hidtoriciil  qnestions;  he  tran,-?lated  Lntio  sen* 
teoces  accurately ;  he  added  and  nubtmcted  nnmbers  of  dlflerenti 
di^nomi nations  with  uncomtnon  reudine;jfl;  ho  al^o  played  vrcU  a| 
the  game  of  dnitightH. 

5.  HU  pitjper  of  repeating  words  after  auitthrr  pcmnn  ten* 
almoai  covfincd  io  cvrtam  monOB'jU'ihUs ;  and  in  repeating  the 
letters  of  the  alphabt't  he  oould  never  pronounce  h,  q.  u,  i*,  fi% 
and      ulthongh  he  often  ottered  these  sounds  in  attempting 
pronounce  the  other  letters*  The  letter  t,  altto,  he  was  rery  seido 
able  to  pronounce, 

6.  In  order  to  ascertain  and  place  on  record  tho  peculiar  ini|>i'r- 
fbction  of  langtiage  which  he  exhibited^  Dr.  Oaborn  leteeted  and! 
hiid  before  him  the  following  sentence  from  the  bye-laws  of  th 
College  of  Phyaiciang,  viz.,  "  It  ttkaU  be  in  the  potoer  of  th&  Cotl^f}^ 
to  examtne  or  not  examineany  Lieerdinle pre&i0ii$  <o  hie  admUth 
io  a  Fellmifithip^  m  tkerj  shall  think  fit** 

Having  set  him  to  read,  he  read  as  follows : — An  the  h  what  t 
the  iomoihf^  of  iha  irothofodoo  to  mtijontm  or  thai  emidrafe  rh£ 
1 7t ifirtiftrai  vivstrait  to  kctra  (otoTnhreidei  to  fttrntrcido  at  iitMit 
h-l'ntfAt.'*  The  same  passage  was  presented  to  him  a  few  daya 
after  wards,  and  he  then  read  it  aa  follows: — lie  maihcr  U'  i»  ih0 
kfindVi'it  of  the  compettret  Ut  sumhris  amtr^lt  fintr^ido  ami  /cw- 
trfiido  mt'strfiiterso  to  kin  pftntdo  tujn  brit:d  rrdt-rieo  of  dtid  do} 
drit.  d^s  triHt." 

He  geneially  knew   that  he  spoke  incorrectly,  oUin>»gh  ha 
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was  quite  unable  to  remedy  the  defect,  Aflcr  the  f5ipiration  of 
eight  nionthB,  however,  he  wn,B  bo  far  improved  that  lie  waa  able  to 
repeat  the  saine  bye-law  after  Dr.  Oahorn  as  follows  i'*-" may  his 
hi  power  of  the  Golkgc  to  evhat  tiw  or  not  arintin  any  UccnttaU 
fevioutshj  to  his  amission  to  a  tq^oJowahtp^  as  tlwrj  Khali  tkinJi  jit.'* 
Some  little  time  after  this  Dr.  Oaborn  Baya  he  repeated  the  same 
hye-law  aClnr  nie  perfectly  well,  with  the  eiceptinn  of  the  word 
•  power/  which  lie  conBtanlly  prononuecd  pricr.  He  was  also  able 
to  pronounce  all  the  lettera  of  the  alphabet  except  fc,  and  r." 
Be  progresBed  in  this  way  tinder  the  directione  of  Dr.  Oshorn,  wbo 
ailviaed  him  to  oominetico  kJiining  to  Bpeak  again  like  a  child, 
repeating  first  the  letttiys  of  the  aljihabet,  and  aubsequently  words, 
af^er  another  person,  on  the  ground  thai  he  had  "Ii^ratj  not  Iho 
power,  hat  the  art  of  using  the  vocal  orgatia.'* 

In  tliis  Etrtiiige  but  vei-y  interesting  case  there  seems  to 
have  Leen  no  appreciable  mootal  defect.  It  appears  con- 
ceivable that  a  dis<7rdered  relation  between  the  Auditory 
and  tho  KiniEstbetio  Word-Centres^  or  else  a  disordered 
activity  of  the  latter  Centres  themselves,  may  havo 
Bufficed  to  indace  some  such  defect. 

Trousseau  records  another  iuteresting  case,  in  wlilrb 
there  was  an  absence  of  nieutat  defect  and  a  simpla 
inability  to  Speals.    He  says  : — 

*'  I  received  one  day  in  my  cousnlting-foom  a  carrier  of  the  Pari* 
nnlleH,  very  young,  and  having  tho  apijcarance  of  a  mim  enjoyiug 
^XiJvlIeDi  health.  lie  infide  ai^ns  that  he  could  not  apeak,  and 
hnnded  to  me  a  note  in  which  the  history  of  his  illneaa  vias  dc-tailed. 
He  hitd  ii^lHen  tiie  notn  himself,  with  a  very  sti?adif  hnnd^  and  knd 
wurdtd  it  tcvlL  A  few  day*  previoualy  he  had  suddenly  loRt  hia 
senses,  and  bad  bei'ti  iinconadoaa  for  nmirly  an  hour.  \\'beD  be 
came  round  he  exhibited  no  symptom  of  paralysis^  but  cottld  nai 
artit'uhiiQ  a  emgh  word.  He  moved  hia  tonf^-ne  perfectly,  ha 
swallowed  with  ease,  but,  however  much  he  tried,  he  could  not 
utter  a  word.  He  was  ineifectimlly  galvanised  for  a  furtmght, 
bat  without  any  special  treatroont  he  completely  recovered  bia 
Bpeei^ih  five  or  8t;c  weeks  aft'Or  the  iuvaitioa  of  ihe  complaint.  It  is 
?ery  rem  ark  able,  however,  that  dm-my  tiie  whole  conrte  of  thU 
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shtt}nlar  a^cction  he  could  mnnag*}  all  hit  affdlis  by  vuhntitiUi 
Vyiting  for 

Here,  tlie  man  being  uDaMc  to  arLiculate  at  allj  was  also 
iucfl,pnl>l6  of  reading  nlond  in  any  fashion ;  although 
may  fairly  presume  thftt  he  could  readily  compreh<*nd 
what  Lc  read  silently,  Aud  if,  as  the  writer  tLinks^  the 
pationt  was  suturing  from  a  simple  motor  defect,  it  was 
not  BO  strange,  as  Trousseau  supposes,  that  he  ehoitld 
have  been  perfectly  well  able  to  manage  his  own  afiaira. 

This  last  case  may»  indeed,  bo  pretty  confidently 
interpreted  through  the  reflected  light  thrown  upon  it  by 
another,  more  receutly  recorded  by  Dr>  Bristowe.* 

"A  gteward  of  a  stenni  packet,  tci.  30,  in  the  midst  of  proviotialy 
nninterniiited  good  health,  coniplaiaed,  on  tto  moruingof  Miirch  7; 
1869,  iu  the  Straits  of  Malacca.,  of  hefldaclie  and  feveHahttei 
TKi^  CM^ndition  waa  anccoeded,  in  the  conrsa  of  a  few  hours,  with 
serieH  of  Vijry  flevere  epilepliform  ntljiekg  following  one  Auotb" 
quietly.     Four  huurs  after  their  cotnmeDcement  he  hognn  to 
recover  consciousoeBa.    When  he  rccovored,  he  found  bitntself  l^ini^ 
on  the  floor  of  the  cabin ;  nnd  he  sooti  discovered  that,  altbou^^b 
he  could  see  and  understund  over^ything  that  was  going  on.  hewu 
totally  unable  to  move  a  limb,  had  entirely  lost  the  farulty  of 
epeech,  and  was  *  stone  deaf/    He  could  do!  hear  a,  pi&tol  fired  off 
close  to  his  ear.     He  renmincd  in  thia  condition  a»  tienrty  a« 
possible  up  to  the  time  of  his  arrival  at  Singapore  on  March  20: 
At  that  time  his  right  leg  and  arm  were  «till  weak,  hiu  lefl  I 
and  arm  were  numb  aud  quit©  powerltaa.   Ho  had  oon^tilerab 
difliculty  in  '  masticating  *  liis  food,  nnd  he  was  still  fjcrfectiy  df 
and  Bpeechleea.    He  ^^dnally  improved  in  the  Singapore  H>i«> 
pitul.    "  In  the  Gral  i^eek  be  regaiiied  the  complete  use  of  his  riirht 
Bide,  and  audition  so  fitr  returned  that  he  could  hear  when  epoki-a 
to  louilly.    Hi*  bearing  was  completely  restored  by  April  2J.  lie 
also  regained  to  a  great  extent  the  use  of  his  leftariu^  and  improved 
remflrkiibly  in  general  health  "  He  left  the  HoRpital  in  the  middle 
of  Jnne,  and  was  put  on  board  a  sailing  vesf^el  homev^iird  boon 


•  "TrauH.  of  the  Cliracal  Society,"  1870.  p.  P2. 
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Od  1st  he  was  adDiitleJ  lato  St.  TboTnaH*eHOBpitik)f  sdll 

Epeecbleifs*  aad  dragging  hU  left      iiinch  in  walktag. 

Dr,  Oristowe  says: — "Tliree  days  after  admiseion  I  saw  the 
patient  for  the  first  time,  and  examined  him  pretty  carefully,  I 
found  tliat  he  waa  pcrfwitly  mtulUj^ent,  that  he  imdefatood  every- 
thing that  was  said  to  bim,  thnt  be  could  read  wril  and  conipre- 
betid  cverythiiig  Ihiit  be  read,  arid  tbut  he  could  tnuitiUiiti  a 
couvevsfition  of  any  lengtb*  lie  writing''  on  a.  alate  and  hia  inter- 
locutor speukin^.  He  wrote  indeed  with  mmarkable  facility  a  very 
(exrolleiit  and  K'^fiblo  hand,  expreBfiinj;  himself  with  perfect  point 
and  accuracy,  except  for  an  occaaiotiyLl  error  of  Bpelling  and  Gon- 
slrnctiOn,  due  evidently  to  defective  edu<'ation.  But  lie  could  not 
fiWfik,  he  could  not  utter  a  ningle  articuiate  Bound.  I  Eiscertaitied^ 
however,  that  he  could  perform  with  bis  lips,  tongue*  and  cheeks 
all  possible  fornis  of  voJuutary  movement,  and  also  tiiut  hi3  waa 
capable  of  vocal  intountion,  in  other  words^  that  he  conld  produce 
musical  larytif^etLl  sonnds." 

This  patient  ivas  afttTft-ards  taught  with  great  care,  and  with 
coinplete  buoccbs,  to  Bpeuk  again,  altbough  he  had  been  nine 
months  entirely  BpcsechlesB}  and  beb'tiyed  himself  to  be  hopel^sly 
dumh." 

The  bilateral  painlysia  which  existed  at  first,  together 
with  complete  deafiipss  and  other  Hj^mptonaB,  make  it  almost 
certain  that  in  this  case  the  patient  was  suffenng  from  a 
lesion  sitnated  Bomewhere  on  the  *!onfioeB  between  the 
tpper  part  of  the  Medulla  atid  the  yoji^  Varolii.  A  lesion 
here  mif^ht  pause  the  complete  deafness,  the  double 
paralysis,  and  for  a  time  functionally  disable  the  lower  arti- 
culfltory  centrca.  There  was  clearly  a  mere  motor  Speech 
defect ;  and  a  much  slighter  lesion  about  the  same  region, 
or  a  little  higher,  might  have  given  rise  to  each  minor 
symptoms  as  were  met  with  in  Tronsseau'B  case.  It  is 
posaible,  however,  that  this  latter  group  of  pymptoiiiH  might 
have  been  occasioned  by  a  slight  Jetiiou  higher  up  m  the 
left  motor  traek — perhaps  in  the  Corpus  Striatum,  or, 
even  higher,  in  the  white  substance  intervening  between 
these  bodies  and  the  Kinjesthetic  Word-Centres. 
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It  Las  long  been  known  iimi  ksious  in  thorn  sitnations, 
especially  in  the  pons  Vurolii,  may  cause  grent  diffi- 
culties and  iodistinctness  of  articnlntioOf  if  not  actual 
loss  of  speech,  A  briefly-related  case  of  this  kind*  in 
which  a  considerable  lesion  Tvas  actually  foand  in  this 
Bituation,  as  recorded  by  Dr.  WiJkSj  may  suffice  for  Ida 
final  elncidtttiou  of  this  section. 

*'  A  lady  fell  in  a  Efvcalled  fit  duringf  clinncr.    She  was  taken  op 
BI»ec}»]eaB  and  put  to  bed.    Site  lay  with  her  moath  open  and  with 
the  saliva  running  from  it,  and  ahs  was  uncthU  lo  tipallmo  or  l« 
ipcnk.    There  appeared  to  be  no  paralysia  of  her  limbs»  and  from 
her  gestiirca  and  expression  there  was  every  reasco  to  believe  tha' 
ehe  tfaa  perfectly  senBible,    She  vrai  soon  able  to  leavt  her  had, 
and  recovered  her  ttsnal  health,  btit  the  never  lost  the  prrmfym  of 
the  ionffue  and  palate.    She  ^irote  down  all  her  wanta  on  a  stateL 
She  sycallmccd  with  di^ctdty^  and  the  saliva  was  cotiliiiually  Bowia 
from  her  moutb  \  but  ahe  t^as  able  to  walk  three  or  four  miles  a  day 
anil  wa8  accQsiomed  tojotn  Lq  a  gameot'card^,  Abouttwo  jesnail 
the  Brst  attack  sho  had  another  apoplectic  fit,  in  which  she  di 
On  post-mortem  examination  there  was  foUDd  to  be  a  great  atnoun 
of  disease  of  th(>  cerebral  vesaela ;  niDch  blood,  irhlch  had  CM^iped 
from  tiie  ponr,  waa  effused  at  the  base.    Within  the        ih«Ft  w 
Q.A  old  hrownith  cysL    The  central  ganglia  were  hfallhj," 

If  thfi  foregoing  inteii>retfttion  of  Apheniia  should 
prove  to  bo  correct^  it  iftill  afford  a  simple  explatiation 
of  a  class  of  cases  which  many  have  deemed  to  be  as 
puzzling  E8  they  were  in  the  estimation  of  Troussean* 
What  has  been  said  on  this  gnbject  will  have  sufficed 
to  show  their  rektionehip  with  those  eases  in  which 
tbero  is  QDquestionably  a  mera  difBcaUy  in  articulation 
either  complicating  an  ordinary  attack  of  Hemiplej^a,  or 
forming  part  of  a  dcgenorativo  disease  of  the  MedtiUOf 
known  as  '  Glosso-laryngcal  paralysis*.  On  tlie  under- 
standing that  it  may  bo  *  completo '  or  '  incomjdele,* 
Aphemia  is  a  term  broad  enough  to  include  ail  these  vaiio- 
ties  of  mere  loss  of  Speech  or  difficulty  of  Articulation. 


CHAPTER  XXX. 


PUnTHEB  PBO&LKSia  IN  R^OARD  TO  THK    Lf>CALIZAT!OS  0¥ 
HtdHER  CEREBHAL  FUNCTIONS. 

TiTE  study  of  ihc  vanaus  defects  of  Speech,  and  of  Intellec- 
tual Expression  id  general,  produced  Ly  Corebral  Disease 
is  of  great  importatice  iii  mnuy  ways,  Ati  accamulatioa 
of  insttiiicea  more  or  lesa  crudely  observed  must  almost 
necessarily  precede  the  attetapt  to  analyze  and  classify 
these  viiriouB  defects.  Therejifter  observers  will  work 
Ijotter  aiid  with  more  chauco  of  succesa  in  two  directionfl. 
TLcy  will  (1)  Luve  learned  more  fully  how  to  observe  such 
cases,  that  is,  what  is  specially  to  be  looked  for  ili  the 
way  of  ability  or  defect  in  persons  so  affected ;  and  (2)  they 
may,  whenever  the  precise  nientftl  defects  manifested 
during  life  have  been  clearly  recognized  and  recorded^  as 
the  occasion  arises,  note  with  more  hope  of  profitabb 
scientific  result  the  exact  region  of  the  Brain  which  has 
been  damnged. 

The  error  of  massing  together  all  the  varieties  of  'loss 
of  speech '  under  one  name,  such  as  *  Aphasia/  and 
then  altogether  rejecting  doctrines  of  Cerebral  Localiza- 
tion, because  the  lesions  in  such  dissimilar  cases  hava 
not  always  been  found  in  some  one  part  of  the  Bmin,  is 
manifest  and  absurd,  and  yet  it  is  one  which  has 
been  too  often  repeated  in  recent  years.  Even  such  an 
accomplished  physician  as  Trousseau  spoke  of  a  represen- 
tative case  of  Amnesia  as  a  typical  instance  of  Aphasia, 
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and  baaed  bis  explanation  of  the  Aphasic  condition  ft 
good  deal  npon  the  pLenomena  by  wbich  ifc  was  charftC'^ 
tenzed.  This  massiDg  together,  auder  one  name,  of 
wholly  dissinitlar  defects,  and  the  coDfusicn  thus  created^ 
would  of  course,  so  long  as  it  la^tcdj  efTectuolly  defeat  oQ 
attempts  atCerebrcI  Lccalizatioii. 

It  is,  therefore,  absolutely  necessary  if  fartlier  advau 
ifl  to  be  mode  in  regard  to  the  ^localization'  of  higbe 
Cerebral  Functions,  first,  that  we  should  learn  carefallj  U^ 
discriminate  tbe  different  Speech-defects  from  one  anotlier 
during  life;  and,  secondly,  that  where  opportunities  occur, 
the  lociility  of  lesions  should  be  principally  observed  and 
Tecoi'thid  in  typical  and  uncomplicated  cases. 

A  few  hrief  additional  details  (hoyond  tliosfl  which  it 
has  been  found  convenient  to  mention  in  the  last  chapter) 
will  now  be  given  as  to  tbe  extent  of  knowledge  alread 
garnered  within  this  second  sphere  of  observalion  an 
inference — ^which,  though  not  at  present  co-eX-teDBive  wit 
the  other,  nevertheless  includes  some  facts  of  a  rath 
startling  descrii)tion. 

In  1S25,  Boiiillaiid*  afllinied  that  the  Frontal  Lobca 
of  tbe  Brain  were  the  parts  principally  concerned  with 
Speech,  because,  as  he  said,  these  were  the  organs  '*for 
the  formation  and  recollection  of  words,  or  the  priricipal 
signs  which  represent  onr  ideas."  He  bad  collected  114 
observations  of  disease  of  tho  Frontal  Lohos  accompanie* 
by  loss  or  defect  of  Speech,  and  upon  these  be  baaed  h* 
views, 

Andral,  however,  in  1833,  recorded  fouiteen  coses  where 
Speech  was  abolished  without  any  alteration  in  the  Frontal 
Lobes,  but  in  which  a  lesion  existed  in  the  Parietal  or  ia 
the  Occipital  Lobes. 
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lu  T>\\  Mure  Dax  culled  atteution  to  the  grtai 

frequency  of  loss  of  Speech  in  association  with  right 
ratljcr  than  with  left-sided  Famlysis*  The  title  of  hia 
esaay  ^va3  this: — "  Lesious  of  the  left  half  of  the  Braiu 
coinciding  wilh  the  loss  of  memory  of  the  Signs  of 
Thought."  •  In  supiiort  of  this  view  that  loss  of  Speech 
depended  espctiully  upou  lesions  of  the  left  half  of  the 
Brain,  Dr.  I>ax  brought  forward  140  ohservatioiis. 

But  in  18(31,  Brocut  went  still  further*  Whilnt  affirm- 
iniif,  with  Dr.  Marc  Dax,  that  the  left  Hemisphero  was 
the  one  prindpuUy  concerned  with  arlJcukto  Speech  ^  ho 
precisely  defined  the  seat  of  lesion  in  tliat  condilion  which 
we  naw  cull  Aphasia  as  *'  the  posterior  part  of  the  third 
frontal  convolution  of  the  left,  hettiispherc'^ 

This  view,  originally  based  upon  n  very  small  nnmher 
of  cases,  was  received  at  first  ^vith  the  grciitcst  surprise  and 
seeptidstn.  It  was  thought  hy  many  to  he  most  improbable 
tlmt  3Uth  a  faculty  as  Speech  should  depend  upon  the  in- 
tegrity of  one  sjijall  portion  of  only  one  of  the  tAVo  Cerebral 
Ilctoispheres,  Yet  hy  reason  of  the  observaliona  which 
have  accumulated  during  the  last  eighteen  years,  it  is  now 
admitted  by  most  of  those  who  are  Lest  entitled  to  judge, 
that  Broca's  loealiKation  is  in  a  certain  sense  correct,  and 
that  in  the  instances  of  real  typical  Aphasia  the  lesion  is, 
in  n  large  majority  of  cases,  found  to  involve  the  posterior 
part  of  the  third  frontal  gyrus  on  the  left  side,  or  else  the 
immediately  subjacent  white  substance  inteivening  between 
this  convolution  and  the  Corpus  Striatum.  The  reason  why 
lesions  in  other  parts  may,  according  to  their  situation, 
either  occaaionalJy  or  invanably  lead  to  a  more  or  less 
Himilar  Speechless  condition,  is  a  question  upon  which  we 
Ghail  hope  to  throw  additional  light  in  this  cliapter. 

•  RppubUehed  in  tbe    Gaz.  Eel^doumd./'  April  28.  1866. 
t  "  Bulletin  de  la  Soc.  Anatom.,"  Aug,  and  Not,,  lRr31. 
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Many  cues  are  on  record  in  wUtrh  a  lesioii  of  iIm 
posterior  purt  of  the  third  frontal  gyrus  of  ihe  nghl 
Hemisphere  has  existed,  without  prodnciDg  maj  Iom  of 
Speech.  So  th&t  we  have  both  positiTe  mad  negsthQ 
criJecce  ia  fuvotiT  of  BroGa*s  association  of  tb^  power 
of  Articulate  Speech  with  the  tntegritj  of  the  thitxl  Uft 
froQl&l  couToIulion,  c-speciaUj  if  we  extend  the  depth  of 
the  region  cited  hj  him  no  as  to  make  ti  mclode  iba 
cotgoing  fibres  from  this  part  of  Lhe  third  fraotal  gjraa. 


FlO.  IM.— Bnjn  of  m  Wanan  whn  inLrrprvil  (ram  AfhmiM^  «bf>«lz«  tr*co  4 
a  lAlun  In  tlie  frwi^rior  put  ol  the  iMni  /roaUl  Ctm^olKttcpn.  (Pmt 

It  ia»  however,  also  trae  that  in  a  eertain  amall  p 
portion  of  caaea  a  similar  condition  of  speochieaaneat 
betfi  induced  where  a  Jesion  has  been  found  in  the  oo 
sponding  parta  of  the  right  Hemisphere,    In  some 
these  exceplionaJ  cases  the  persons  Lave  been  left-lianjed, 
ibough  in  otberH   even  this  rcasan    for  the  change 
aitlea  has  been  absent.    The  writer  hus  bimself  met 
a  moat  trpiciil  instance  of  this.    But  it  is  of  importan 
U)  note  that  even  tJi  these  very  esceptiouaj  cases,  thou 
the  side  affected  has  been  difi'erent,  Speech  has 
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heon  lost  by  a  unilateral  damage  of  tlie  Riitne  definite  and 
exlieaiely  limited  regiaa  of  the  Hemisphere. 

Thu3  it  would  follow,  that  the  motor  iucitations  BnfBc- 
ing  to  call  the  articulfttorj  centi-ca  into  activity  during 
Si»eeuli,  are  accustomed,  in  the  largo  majontj  of  cases,  to 
cnierf^e  from  the  third  frontal  gyrus  of  tho  left  side:  though 
in  a  Bmall  ininority  of  persous  it  may  happen  that  tho 
cftcclive  motor  stimuli  are  wout  to  pass  off  instead  from 
tlie  right  third  frontal  gyrus.  The  halves  of  the  bilaloral 
Articulatory  Centres  in  tho  Pons^  Modnlla,  and  upper 
part  of  the  Spinal  Cord  are  so  welded  together  by  com- 
missures that  each  of  them  practically  constitutes  one  double 
Centre*  And  these  may  (after  the  mannor  of  eueb  hilateral 
Centres)  he  incited  to  action  by  stimuli  coming  through  the 
Corpus  Striatum  either  fi-om  the  left  or  from  tho  right 
Curobriil  Hemisphere — thgiigli,  as  a  matter  of  fact,  ns 
above  stated,  BUch  stimuli  seem  to  reach  it,  in  tho  large 
majority  of  persona,  from  tho  left  side  of  the  Brain, 

But  if  hilatorally-actiiig  miisclea  are  always  in  asHocin- 
tion  with  closely  welded  bilateral  Motor  Centres,  and  if 
such  Ceutrea  may  generally  he  called  into  activity  by 
stimuli  reaching  them  from  either  side  or  from  both  sides 
simultaneously,  then  the  habitual  excitation  of  tho  Speech 
Centres  and  their  related  muscles  from  the  left  side^  must 
be  regarded  as  a  remarkable  peculiarity. 

There  is,  however,  some  reason  for  believing  that  if  tha 
habitual  outgoing  channels  of  the  left  side  are  damaged 
(ao  that  Speech  has  boon  lost),  the  route  for  Btirouli  from 
the  rujht  third  frontal  gyrus  to  the  corresponding  Corpus 
Stj'iatum  may,  under  certain  circum stances,  be  more  effect- 
ivdy  opened  up,  so  that  the  power  of  Speaking  is  after  a 
tijue  TL-yaiDed,  In  such  a  case  the  stimuli  would,  of 
eoarse,  impinge  upoa  tho  right  rather  than  upon  the  lef^ 
eide  of  the  lower  bilateral  Articulatory  Centres. 
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Brnidbeai  iadtfed  ii»iiiUiiis  tiisi,  u  &  rale,  lorn 
Speech  tt  onlj  temponiy  vtlh  Ifinni  of  Um  IcA  CavfM 
SCmfami,  or  of  those  psrU  of  the  omt^mg  fihtn  frw 
Uihd  &ooUl  gjnu  which  are  contigooas  to  Uiuho^.  And 
he  iogBQioBsJ;  fttiempta  to  explra  zta  — pf  owi  qwJy 
rettoiaiioo  in  these  cmaes.  If  thft  left  thirl  frofttml  gftrnM 
be  itself  nDdanugml,  sod  if  the  fibm  of  the  Goipve 
CeUosum  which  eileod  fron  it  to  the  fight  tliiid  JkoMtal 
fjroe  }m  iniMcL,  then  the  outgoing  sttieitli  not  betn^  eUe 
to  tske  their  oeoal  eoone  mej,  be  thinks,  find  their  *  waj 
round '  from  the  left  to  the  right  third  frontel  nd  thmre 
dowowanU  to  the  Corpus  Stnetom  of  the  r^fal  nde.* 
In  these  ettses  loee  of  Speech  woold  posBihly  only  estfit 
for  e  few  weehtp  till  the  new  roote  end  new  mode  of  ectioa 
eoold  he  thonia^Ij  opened  np  and  firtshHnhrdj'f  It  b 
difficalt,  howeTer,  to  UDderstand  how  the  prerioos  loca- 
tion and  organixaiion  of  thia  right  Coqnis  Stiiatom  ean 
have  been  brought  op  to  the  stage  necesaaiy  to  enalde  it 
speedily  to  assume  snch  fanctiaDs,  if,  to  take  the  most 
farotirable  gappofdtionr  only  feeUe  and  ineffectii'e  stimoli 
liaTc  preTioasly  been  reaching  it* 

There  are  difficnlttes  also  in  the  way  of  the  seceptanee 
of  some  of  tbe  reasoning  apon  which  this  theory  ta  based. 

*  JnaLilitj  ou  the  p^rt  of  an  Aphftsic  p«noo  to  lean  to  Speak 
from  the  rigbt  ^Je  of  the  Broia  would  thai  be  foaati  to  dff«a4 
Qpoti  conrlitioDi  precisely  anaiogvaa  to  tboM  prodiicia|(  ia  a  rigkt- 
tided  Hemiptegic  aa  iit&bility  to  le«m  to  Write  with  the  left  haad 
from  the  right  aide  of  the  Bnun).  Speedi  would  be  taipne- 
■itle  if  the  AoditoTy  C«atrv,  aod  Writiii^  woald  be  impoaiUo  if 
tbe  Vi«u&l  Centra,  La  the  left  Hemisphera  were  deetroyed:  «r, 
airoBAT  duaUtitiea  would  exist  if  tbe  6 bra  of  the  Corpas  CalU^ 
•am  reapectnrely  eoanecting  eitb«r  of  ibcee  left  Oe«lm  with  its 
oorreipcmdinK  Centre  of  the  oppovrte  Hcfaiaiiliers  wtte  cot 
by  diem  If 

t    Bdt.  Mtid.  Jml  ,**  April  8, 1876.  p.  430p 
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Broadbent  says: — '*In  ita  first  attempts  to  talk  the  cliilcl 
is  influenced  by  imitation  and  guided  by  tlio  ear  ;  that  is, 
m  the  grouping  of  the  motor  cells  of  the  cord  is  effected 
through  the  seusory  cells,  by  cell  processes  passing  from 
tlie  posterior  to  the  anterior  nervo  nuclei,  so  the  grouping 
of  the  cella  in  tbe  corpus  striatum  will  be  eSocbed  throngli 
the  ccUa  of  the  auditory  perceptive  centre  by  means  of  the 
fibres  oonneeUng  together  tho  two*  .  .  .  And,  as  the 
motor  nuclei  of  the  cord  can  Btill  be  employed  in  reflex 
action  through  the  sensory  nuclui,  as  ivoll  as  in  voluntary 
motion  by  means  of  descending  libres  from  the  corpus 
striatum,  so  may  the  icord  gronps  in  the  corpus  striatum 
he  reached  im'tfutirehf  throuffk  ihc  auflUorff  perceptive 
centre,  as  well  as  throttf/h  the  third  frotUal  {/fjrus.**  Con- 
sequently he  assumes  that  thora  is  a  double  action  of  a 
consensual  chamcter  from  both  Auditory  CentrcH,  and  that 
in  the  early  '  imitative^  Speech-procesaea  theso  purta  would 
both  react  upon  their  respective  Corpora  Striatu,  There 
is  also,  as  he  thiulis,  a  higher  or  volitional  unilateral 
action  through  the  left  third  frontal  gyrus — an  action 
which  is  unilateral  because,  as  he  puis  it^  The  left 
hemisphere  alone  ia  educated  for  inttiUectual  expression/* 

But,  Seu&ori-motor  and  Ideo-motor  acts  of  Speech  are 
dependent  npon  proceasea  occurring  (in  a  slightly  different 
manner)  in  identically  the  same  cerebral  regions — and  these 
would  correspond  with  Broadbcnt's  *  imitative  '  modes  of 
Speech.  Yet,  as  the  writer  has  previously  endeavoured  to 
show  (pp.  550-557),  no  valid  demarcation  can  be  estab- 
lished between  Ideo-motor  and  Voluntary  acts  of  Speech, 
and  the  distinction  conferred  npon  tho  latter  by  tho 
addition  of  an  *  emotion  of  desire'  docs  not  make  it  the 
less  necessary  for  the  outgoing  Btimulua  primarily  to 
pass  off  fi'om  the  Auditory  Centre;  nor,  on  the  other 
handf  is  there  any  distinct  evidence  to  sligw  that  tha 
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iucitalions  in  *  imitative  *  Speech  do  not,  like  those  in 
Voluntary  Speech,  also  fiud  their  *  wayont'  tLroiij^h  the 
third  frontal  gyrus.  Iii  fact,  "we  have  every  rtiiboti  to 
Iteliove  that  the  route  from  the  AuJitory  Perceptive  Cent 
to  the  Corpus  Striatum  is  one  and  the  same  for  ove 
kind  of  Speech,  whether  its  mode  of  incitation  CQuy  1 
strictly  'imitative/  Ideo-niotor,  or  distinctly  YolitionaL 

This  latter  conclusion  ia  found  to  be  in  accoriltince 
with  the  evidence  derived  from  disease.  No  fact  has  Lu'ea 
more  certainly  establiBhod  in  regard  to  Aphasic  pati*»nli 
than  that  there  is  in  them  a  hiaa  not  only  of  Voluntary, 
hut  of  IdGO-motor,*and»  to  just  as  marked  an  extent^  a 
loBS  of  *  imitative '  Spppch.  A  really  Aphaaic  patient 
cannot  copy  tho  simpk*sb  word  or  vowel  aoand,  which  he 
has  just  heardj  nor  docs  ho  even  do  it  unbifldeu  and  echo- 
like,  in  the  most  purely  imitative  reflex  style, 

Otliera  aj:;ain  have  asHumed  that  a  eeparato  route  exiH 
hy  which  Emotional  stimuli  may  he  transmitted  lo  t 
lower  centres  for  Articulation  in  the  Pons  and  Medull 
without  pnsF^ing  through  the  Corpus  Striatum^  simp 
because  Aphasic  patients  octasionally  utter  new  words 
an  in  terjectional  order — as  oaths,  or  such  phrases  afl  *  Oh 
dear  r  'Thanks!'  and  other  simple  exclamation r,  under 
the  influence  of  a  strong  emotional  stimulus.  Even  for 
this  kind  of  connection,  however,  no  independent  evidence 
exists  (see  p.  580) ;  and  perhaps  the  facts  can  be  eijnally 
well  explained  by  the  supposition  that  Emotional  stimuli 
of  greater  energy,  or  which  emanate  from  a  wider  area, 
may  occasionally  force  their  way  through  damaged  track 
Ihe  resiwtance  in  which  could  not  be  ovcrcrime  by  mc 
Volitional  atimnli. 

As  to  tho  causes  which  have  determined  the  frrrater 
almost  exclutjivo  influence  of  the  left  Hemisphere  I 
inciting   Si>eech-movomentSj  only   conjectures  can  ho 
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offered.  It  lias  Ll-dq  tbougbti  that  a  L'^rlain  more 
forward  condiiion  gf  Jcvelopmont  of  tbe  lot'l  bemlspbero 
— as  a  result  of  hereditary  riglit-bandedneaa  rt'caning 
tbrongh  gouoriition  aftot  ^enerntion — rai^bt  gradually 
become  sufiiciont  to  cause  the  left  Hemisphere  to  '  take 
the  lead  *  in  the  production  of  Speecb-movemeots,  Somo 
Hltle  evidence  oxista— though  at  present  it  is  very  small 
— to  fihow  that  it  is  left-hauded  people  more  especially 
who  may  become  Apbasic  by  a  lesion  of  the  ritjiU  third 
frontal  gyrus.  It  is  practically  certain,  indeed,  that  the 
great  preponderance  of  right-hand  moTementa  in  ordinary 
iudividunk  must  tend  to  produce  a  more  complex  organ- 
ization of  the  left  than  of  the  ri<;bt  Hemisphere,  and  tbia 
both  in  ita  sensory  and  its  mator  regions.  We  may  con- 
fideotly  look  for  the  existence  in  it  of  the  organic  basia 
of  a  vastly  greater  and  more  complex  Tactile  expeiienco ; 
and  as  movements  of  the  right  arm  and  baud  are  moro 
fretjueut,  both  aa  asflociated  factors  of  tbia  eTperieDce 
and  in  other  ways,  wo  have  also  a  ri*rht  to  expect  that  the 
Kinjesthetic  Centres  will  be  similarly  developed  to  a 
notably  greater  degree  in  the  left  Hemisphere.  And  as  a 
matter  of  courss  aim  the  nervous  mechanisms  for  the 
movements  with  which  these  sensory  impressions  are 
asBociated  would  be  much  more  complex  in  the  Motor 
Ganglion  of  the  left  than  in  that  of  the  right  Hemisphere. 

Many  years  ay;0j  moreover,  the  writer  aseertained  a  fact 
-which  at  tho  lime  seemed  very  difficult  to  understand — 
yi'i.f  that  the  specific  gravity  of  the  cortical  Grey  Matter 
of  the  Brain  in  left  frontal,  parietal,  and  oc<jipital  regions 
is  often  distinctly,  though  slightly,  higher  tban  that  from 
corresponding  regions  of  the  right  Hemisphere.*  But 
aucb  an  hicrease  in  specific  gravity  might  be  produced  by 

*  See  a  paper  "  On  the  Specific  Gravity  ol  tho  Tinman  BraiHi" 
in    Jml.  of  Mental  Science,"  1860,  pp,  28,  33. 
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the  existence  of  ilie  greater  number  of  cells  and  coaiin~ 
sural  fibres  which  tlio  extra  sensory  and  derivative  t 
tions  at>QVo  rcft^rreJ  to  would  probably  entail. 

Having  considered  some  of  tbe  questions  of  cereTi 
locnliziition '  rL'tutiDg  to  the  production  of  Aphemia^ 
Agi-aplna,  and  Aphasia,  sometLing  must  now  be  said  in 
rejj'ard  to  tlie  seat  of  lesions  productive  of  the  Tory  varie^ 
conditions  comprised  undor  the  term  Amnesia. 

Our  knowledge  on  this  point  is  at  present  rathor  vagu 
and  indefmite^  since  it  is  on]y  quite  recently  that  tho 
necessity  of  not  coufounding  such  cases  r.ith  Aphiisia  hutt 
boen  at  all  generally  rccogni^^d.    Moreover,  no  distin 
attempt  has  hitherto  been  made  to  analyze  nnd  clussi 
the  various  condiLions  comprised  under  this  one  ter 
*  Amnesia.*     Much  more  will  doubtless  soon  be  a!sce 
tainedf  in  reference  to  this  subject,  by  future  workers, 
especially  when   tho    ex:amination   of   cases  ia  mora 
tho^ou^,fhly  and  systematically  undertaken.f 

Still  the  knowledge  we  possess  of  Amnesic  condition 
as  well  as  of  the  distribution  of  *  ingoing '  fibres  in  the' 
passage  from  the  base  of  the  Brain  to  the  Convolution 
already  enables  us  to  point  roughly  to  the  neighbourhood 
in  which  lesions  or  injuries  would  be  likely  to  prodaott 
defects  of  Speech  and  Writing  of  this  type. 

LesionB  of  the  convolutions  about  the  posterior  extrtmt 

•  See  also  pp.  300-10+. 

t  In  all  eufteti  of  Ainn^ua,  or  of  mixed  Apba&ia  and  Amnraio* 
ilL'tails  Bliontd  among  other  things  always  b«  given  m  referenoe  to 
the  following  points: — (1)  Tha  patieut's  ahility  ia  imderHtaod 
tipok^n  words  {not  being  deaf  )^  (2)  to  repeat  aoands  or  words  wbfia 
requested ;  (3)  to  write  from  dictation ;  (4)  to  nnderittand  ai&4 
ihertfore  to  ixfiut  out  prtnicd  IflUra  and  words  (oot  being  blind 
(5)  to  copy  written  wurds^  or  printed  wordtt  into  writti-u  wo 
aud  (0)  to  uamct  printed  letters  or  obj«ct$t  or  r«ad  alutiU. 
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of  the  Syirtfiti  Fissure  of  the  hft  IL-wisphcre  will  pro- 
\fMy  prove  almost  as  instrumeutal  in  pmtluciu^  one  or 
other  variety  of  Amnesia,  as  lesions  of  or  alout  the  third 
itift  frontal  are  of  iiulucing  Aphasia.  In  Broadhent's  case 
(p.  645)  the  lesion  was  found  in  this  rc*»'ion,  and  in  a 
fuirly  typical  nnpnllished  exnmplo  of  Amnesia  the  writer 
has  also  recently  found  a  losion  in  the  same  situation. 

The  reason  for  looking  to  this  region  will,  moreover,  be 
obvious  if  the  reader  will  recollect  that  the  posterior  third 
of  tbo  peduncular  fibres  (that  is  of  the  so-called  *  iutormil 
capsule ')  Bpread  out  from  beneath  the  posterior  part  of  the 
Thalamus  ;  and  that,  stretching  backward  and  outwards 
across  the  floor  of  the  lateral  ventricle  from  near  the  begin- 
ijing  of  the  descending cornu,  they  diBb-lbntc  themselves  in 
the  main  to  the  Occipital  and  tbo  Temporal  Convolutiona« 
And  if  tho  conclusions  of  Ferrier  in  n-ffard  to  the  im- 
portant relations  of  the  *  supra- marf^inal  lobule '  and 
the  '  angular  gyrus  *  with  the  Visual  Centre,  and  of  the 
posterior  part  of  the  *  upper  temporal  Convolution  *  with 
the  Auditory  Centre  should  prove  to  be  correct,  there 
Tvould  be  these  still  more  precise  reasons  for  expecting 
to  find  the  lesions  productive  of  Amnesia,  with  somo 
frequency,  in  or  about  the  situation  indicated.  Such  a 
*  localization  *  may,  therefore,  be  provisionally  entertained, 
and  no  more  proniisin>^'  nionns  of  ultimately  a^^cerliiining 
with  tolerable  certainty  tbo  situation  of  the  most  impor- 
tant parts  of  the  Visual  and  Auditory  Perceptive  Centres 
in  man  would  seem  to  present  themselves,  than  the  careful 
clinico-patholopfical  study  of  typical  Amnesic  cases  when- 
ever the  opportunities  may  occur* 

Another  (|nGstion  of  great  interest  now  arises,  and  that  is* 
whether  it  will  bo  found  that  lesiona  productive  of  Amnesia 
are  also  In  the  main  limited  to  the  left  Hemisphere.  Somo 
eminent  observers,  such  as  Brown-Set]uard  and  Hugh- 
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liugs  Jackf^on,  believe  tbiit  a  limittUion  of  litis  kind  Jo 
oLtaiu,  But  whilst  the  writer  fix-ely  u,dmit3  that  lesion 
of  tke  left  ard  more  likely  to  be  potential  thun  those  o 
the  right  Hemisphere  in  the  producticm  of  8uch  Btale«, » 
Beems  to  him  that  both  facta  and  theory  tend  to  ne^tiv 
the  iilea  that  similar  dufects  would  not  be  induced  b 
lesions  in  certain  parts  of  the  right  Hemisphere. 

It  will  be  found  that  naany  such  cases  are  already  o 
record — one  of  Ihe  most  typical  being  that  of  Marcoii, 
as  given  by  Trouswau  (see  p.  G21),    And  if  we  bear  in 
mind  that  corresponding  PerceptiTe  Centres  in  the  ivco 
Kemispherea  are  alinoat  habitually  c;iUed  into  simal- 
taneous  activity,  and  are  in  structural  continuity  wit 
one  another  through  the  Corpus  Callosum,  it  mi;?ht  he 
expected  that  irritative    or   destructivo  lesions  of  tbo 
Auditory  or  the  Visual  Word-Centres  of  the  right  sid 
could  scarcely  occur  without  producing  distinct  derange 
ment,  at  all  events  for  a  lime,  in  the  functional  activit 
of  the  simLlar  centres  in  the  left  Hemisphere— which, 
as  one  is  bound  to  admit,  eoem  to   take  the  le^~ 
in  the  oxpresBion  of  Thou^'ht  by  Speech  aud  Writinfj* 
On  this  yery  interoyting  eabjeofc  much  further  informatio 
is  needed,  and  we  have  previously  (p.  493)  had  to  refef 
to  the  doubt  that  exists  as  to  the  extent  to  which  one 
Hemisphere  alone  may  suffice  for  ordinary  mental  activity: 
It  may  fairly  be  expected,  perhaps,  that  Amnesia  produce 
by  a  lesion  of  the  right  side  would  have  a  tendency  to 
more  temporary  than  auch  a  condition  when  occasioned  by 
similar  lesions  of  the  left  Hemisphere. 

Finally,  another  consideration  of  some  importance  in 
connection  with  'cerebral  localizations'  now  saggesis 
il8c]f.  The  cot&dition  of  Amnesia  may  merge  by  iusensib 
ejrjidations  into  one  of  Aphasia — so  that  the  latter  sla 
with  certain  extra  peculiarities,  may  at  times  re&ull 
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from  a  lesion  altogether  away  from  the  U:iird  left  frontal 
gyrus,  if,  as  we  at  presont  suppose,  the  regions  in  wUich 
lesiou8  have  the  greatest  tciideucy  to  produce  one  or 
other  of  the  foi-mn  of  Amueaia,  should,  bo  situated  around 
the  posterior  extremity  of  the  left  Sylvian  Fissure, 

This  may  bo  easily  nrtderatood.  Suppose  a  person  to 
be  Buflering  from  a  defective  activity  of  the  Auditory  Word- 
Centre,  80  that  Niimea  cannot  be  recalled  *  voluntarily'  or 
by  *  association/  There  would  already  be  gi-cat  hesita- 
tions and  difficulties  in  the  expression  of  Thoughts,  both 
in  Speech  and  in  Writing.  Hut  suppose  this  mere  defec- 
tive activity  to  be  replaced  by  actual  destruction  of  the 
left  Auditory  Word-Centre,  so  that  its  functional  activity 
became  entirely  lost;  words  could  then,  of  course,  neither 
be  rccnUed  'voluntarily'  uor  by  *  association  *  ^  and  still 
further,  thej  could  not  be  perceived  and  consequently  could 
not  he  imitated*  An  individual  thus  affected  would  neitlit^r 
bo  able  to  Speak  nor  to  W^riie,  that  is,  he  would  be  com- 
pletely ApLasic — with  the  supt^radded  peculiarity  that  ho 
would  not  readily  comprehend  spoken  and  perhaps  written 
Language*  The  latter  ability  might  persist  to  some  extent, 
because  the  molecular  equilibrium  of  the  Auditory  Word- 
Centre  and  of  the  related  Visual-Centre  of  the  opposite 
Hemisphere  mi^^^ht  not  be  sufficiently  disturbed  to  prevent 
all  apprehension  of  spoken  or  of  written  symbols.  We 
might,  in  fact^  have  in  such  a  case,  the  production  of  a 
complex  Aphasio  condition  almost  precisely  similar  to  that 
met  with  in  the  girl  whoso  case  was  recorded  by  Bazire, 
(p.  653)  or  even  one  like  that  recorded  by  the  writer  at 
p,  and  yet  such  an  Aphasic  condition  might  have 
been  caused  hy  a  lesion  far  away  from  the  left  third  frontal 
convolution.  And  if  this  were  so,  such  cases  might  have 
been  quoted  with  much  apparent  effect  against  existing 
doctrines  in  regard  to  ^cerebral  localization/ 
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Similarly,  it  ia  possible  that  Agraphia^  accompanied 
hj  *  word-bJindness/  might  result  from  a  lesion  of  the 
left  Visual  Word-centre,  and  that  the  site  of  such  lesion 
might  be  contiguous  to  the  posterior  extremity  of  the  left 
Sylvian  Fissure, 

Apliemia  (that  is,  mere  loss  of  Speech)  could  doL  Le 
produced  by  a  lesion  of  this  legion  of  the  Brain,  becaase 
destruction  of  the  Aaditory  Word-centre  would  destroy 
the  revival  of  words  for  spontaDoous  Writing,  as  well  as 
for  Specfh — so  thut  the  double  couditiou  Aphasia  (or 
an  approximate  state  in  ivhich  '  imitative  '  Writing  only 
is  possiblo),  ;vould  nccoBsarily  result,  instead  of  the  more 
special  Aphemic  state. 

It  is  clear,  also^  that  if  important  tracts  of  the  Auditory 
and  Visual  Word-Centrea  are  in  reality  situated  somcwherd 
about  the  end  of  the  Sylvian  Fissures,  and  if  the  Kln- 
a?sthelic  Word-Centres,  both  for  Speech  and  Writing,  are 
situated  in  or  somenhere  in  the  neighbourhood  of  the 
third  frontal  convolutions^  Aphasia  mip^ht  in  addition 
be  caused  by  lesions  cuUing  across  the  commiasural 
fibres  in  any  part  of  their  course  between  thase  pairs 
of  centres. 

CleBriy,  if  stimuli  caused  by  the  mental  revival  of 
words  do  not  (a)  issue  from  the  Auditory  and  Visnal 
Word-Centres  ;  if  tht^y  (h)  are  stopped  on  their  way  there- 
from to  the  corresponding  Kinesthetic  Word-C«ntreB ;  or 
(r)  if  they  are  stopped  in  or  on  the  other  side  of  these  loiter 
Centres,  that  is  on  their  way  to  the  left  Corpus  Stnatam, 
the  result  would^  in  each  case,  be  the  prodoction  of  Aphaaia, 
although  the  situations  of  the  lesions  in  lhe«e  casc^  wonld 
be  altogether  dilTerent.  In  the  first  case,  too,  shonld 
have  Aphasia  with  much  mental  impairment;  in  the 
second  case  we  should  have  Aphasia  with  trifling  mantal 
impairment ;  whilst  in  the  third  case  we  should  have  tb« 
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typical  Apbasia,  in  which  little  or  no  mental  degradation 
IB  to  be  detected* 

This  being  trae,  a  general  kw  may  provieionailj  be 
formulated,  aa  a  futarc  working  hypothesis  :  that  the  ten- 
dency to  mentnl  impairment  wUh  AykasiUf  and  the  detjrec  of 
such  impairntent,  wUl^  other  things  being  equals  incrctwe 
ai  if  WHS  of  the  left  Ifcmhphere  ttceds  hi  site  from  the 
*  third  frontal  mjivolntion^  and  approach  the  Oci:ipital  Lohe, 
The  general  doctrine  of  Marc  Dax  geems  to  be  juntifictl, 
whilst  Broca's  more  special  localizatiou  must  bo  held  to 
hold  good  onlj  for  one  particular  though  very  common 
form  of  Losa  of  Speech — or,  to  use  tlie  broador  and  more 
accurate  phraseology,  loss  of  the  power  of  Intellectual 
Kxprofisiou. 

The  conclusions  ahove  arrived  at  are  found  to  afford  a 
new  and  quite  uulookcd  for  confiriTiation  of  tlie  view 
already  annotiucod  as  to  the  epecial  frequency  with  which 
k'sions  of  the  Ot-eipital  Regious  of  the  Hemisphere  are 
apt  to  bo  associated  with  marked  mental  degradation  ;  they 
will  also  tend  to  make  UB  apprcelate  more  fully  the  roiil 
validity  of  the  objections  raised  by  some  against  tho 
doctrine  that  the  posterior  poi't  of  the  loft  '  third  frontal 
gyrus  '  is  the  region  always  damaged  in  cases  of  Aphasia  ; 
and  they  may  pave  the  way  for  new  and  more  exact 
differential  observations,  by  means  of  which  alone  we  can 
expect  to  make  real  progi'esa  in  a  task  of  extreme  difii- 
oulty,  in  which  we  aro  now  only  breaking  ground  in  a 
tentative  manner — tbat  is,  in  the  endeavour  to  dotermino 
what  kind  of  functions  are  pnncipally  carried  on  in  diiler- 
ent  regions  of  the  Cerebral  Cortex, 

If  we  have  said  nothing  in  regard  to  the  '  localization  • 
of  certain  bigher  Ititellectual  and  Moral  Powore,  the  reason 
for  this  will  be  obvious  to  all  thoughtful  readers.    No  step 
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cao  be  taken  with  anj  chauce  of  enccess  in  this  directian 
till  the  preliminary  enquiries  to  which  we  hftv©  heon 
devoting  our  Attention  have  been  reduced  to  a  more  sctU^ni 
condition.  The  fouDdationa  of  the  aubject  must  cla&rlj 
"be  laid  before  we  can  begin  to  rear  a  snperstructare. 

Yet  that  every  higher  Intellectual  and  Moral  Process — jast 
as  much  ab  every  lower  Sensorial  or  Perceptive  Process^ 
involves  the  activity  of  certain  related  cell  and-fibre  net- 
works in  the  Cerebral  Cortex,  and  is  abeolutelj  dependent 
upon  the  functional  activity  of  encb  networksj  the  writer 
firmly  believes.  Ho,  however,  as  deciiledly  rejects  the 
notion  which  ^ome  would  associate  with  such  a  doctrine, 
Tiz.,  the  supposition  that  Hnman  Beings  are  mere  '  Con- 
scious Automata. * 

It  must  be  conceded  that  if  Conscious  States  or  Feelings 
have  in  reality  no  bond  of  kinship  with  the  molecular 
movements  taking  place  in  certain  Nerve  Centres ;  if  they 
arc  mysteriously  appearing  phenomena,  differing  absolutely 
from,  and  lying  altogether  outside^  the  elosed  'circuit  of 
motions  *  with  which  they  coexist,  no  way  seema  opon  by 
which  such  Conscious  States  conld  be  conceived  to  afleot 
07  alter  the  course  of  euch  Motions,  The  lo^c  of  tfaii 
Bcems  irrosiHtible.  Tho  conclusion  can,  indeed,  only  be 
avoided  by  a  repudiation  of  the  premises ;  and  this  the 
writer  does.  He  altogether  rejects  the  doctrine  that  there 
is  no  kinship  between  States  of  ConscioQsness  and  Nenre 
Actions,  and  consequontly  would  deny  the  view  that  the 
•causes'  of  Conscious  Slates  lie  altogether  outside  the  cir- 
cuits of  Nerve  Motions* 

CoDScEouBncsB  or  Feeling  must  be  a  phenomenon  havin 
a  natural  origin,  or  else  it  must  be  a  non-natural^  non 
material  entity.    For  reasons  which  havo  been  s^t  forth 
in  various  parts  of  the  present  rolumtf  the  writer  ado 
the  former  of  these  views* 
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It  \H  commonly  believed  that '  IWmg  matter  '  lias  now,  or 
h(i»  had  iu  past  times,  a  natural  origiu  ;  Nervs  TisBUGs  also 
have  a  natural  origin  in  or  from  elemental  forma  of  *  living 
matter ' ;  aud  if  Conscious  States  or  Feelings  are  admitted 
to  be  an  appanage  only  of  Nerve  Actions,  so  also  (as  far  as 
we  c&n  ascertain)  does  their  mode  of  appe&rance,  their  in- 
crease in  intensity,  their  modifiability  by  argents  modifying 
the  nerve  tissues,  and  the  limitation  hy  whieh  they  occur 
only  in  association  with  certain  nerve  actions  taking  plaeo  in 
the  higher  and  most  complex  of  an  animars  Nerve  Centres^ 
harmonize  with  the  notion  that  they  are  in  some  way  an 
actual  outcome  of  such  Nerve  Actions— no  more  capable 
of  being  dissevered  from  the  physical  conditions  ou  which 
they  depend,  than  is  Heat  to  be  dissevered  from  its  physi- 
cal condittofiB  (Bcep.  142).  To  say  that  Heat  iaa  *  mode  of 
motion,*  takes  for  granted  the  nnderlyiug  fact  that  wo  can- 
not have  motion  except  through  a  something  which  moves. 
Heat  has  no  abstract  aud  isolated  eiiatence  as  an  entity. 
Consciousness  also  is  a  result  of  a  something  which  movoa» 
But  just  as  it  ia  the  very  material  motions  on  which  Heat 
depends  which  do  the  work  ascribed  to  Heat,  so  do  the 
very  material  motions  on  which  Cousciousnosa  or  Feeling 
depends,  do  the  work  \vhioli  we  ascribe  to  Feeling.  These 
particular  motions,  be  it  remarked,  enter  as  components 
into  the  'circuit  of  motions'  constituting  Nerve  Actions, 
and  may,  tlierefore,  easily  co-operate  as  real  motors* 
Hence  it  is  that  States  of  Feeling  may,  in  very  truth, 
and  in  accordance  with  popular  beliefj  react  upon  Nerve 
Tissues  so  as  to  alter  the  molecular  motions  taking  place 
therein.  Feelings,  whether  purely  personal  or  of  the 
moral  order,  thus  have,  as  they  seem  to  have,  an  indubi- 
table efleot  in  modifying  our  Intellectual  Operations,  our 
Volitions,  or  our  Movements. 

To  show  how  these  particular  motions  Ln  Nerve  Tissue 
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&ri&e  wLich  nndeTlie  Conscioa£  Stak'B»  aud  bow  ihey  ftgniQ 
fiul)i;irl3  into  more  onJiuar^  nerve  actions,  roust,  from  the 
xary  nature  of  the  problem,  ever  Tomain  impossiltle.  But 
certainly  shnulil  not  on  tbts  acconnt  allow  ourselvefl  to 
be  mentally  piiruly»ed  by  n  bt^iiel  in  the  existence  of  a 
raetapbysical  gulf  between  what  is  termed  the  Subjec- 
tive and  the  Objective — the  'Ego' and  the  'Xon-Ego/ 
Yet,  even  some  bcliovprs  in  the  philosophy  of  evolmioa 
have  thns  been  led  to  deny  the  natural  origiii  of  Con- 
Bciaufl  States,  and  hare  as  a  conBoquenoe  found  them- 
selves forced  to  hold  a  doctrine  of  thoroufjbgoinfi  *  Auto- 
matism '—one  in  which  all  notions  of  Free  Will,  Dnty^ 
and  Moral  Obligation  would  seem  from  thie  theoretical 
basis  to  be  alike  consigned  to  a  caramon  •?rftvej  together 
with  tlie  underlyiog  powers  of  eelf-educfttion  and  self- 
control. 
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VIEWS  CONCERNING  THE  EXISTKNCE  AND  NAITJUB 
OF  A  MTJSCtJtAB  SENSE* 

AccoBniNG  to  Sir  William  Hatnillon,  the  recognstion  of  the  Mus- 
cular S&nue,  8^  a  medium  of  apprehenaion,  w«h  ori^iiiallj  made, 
Home  ihriie  centuries  a^o,  hy  two  Itnliao  physicians.  It  waa  recog- 
iiiaed  by  JuUu8  Ciuaar  Scaliger  in  l->57i  and  afterwards  indepea- 
dently  by  CfEaalpiHiis  of  Arez-zo  in  15<li9,  that  the  creroise  of  our 
power  of  movenieiit  ia  the  meana  wheraby  we  htc  enable^l  to  eati- 
mate  degrees  of  *  re&tfitaiice/  and  tlmt  by  a  Jkculty  of  "  active 
apprchonBion  "  which  was  by  them  contriisttid  with  touch  ae  "  a 
capacity  of  jsensation  or  mcr&  con^cionaneas  of  passion." 

A  iter  a  rery  long  interval,  X>e  Tracy  (one  of  the  most  JjatrngQiRlied 
followers  of  Condillttc)  about  the  beginning  of  thig  century,  more 
expKoiLly  developed  thia  conception  and OBtahLiF^hed  the  diatine- 
tioii  lietween  tutioe  and  jjus^iVf*  touch,"  German  phyatologista 
and  psycliologists  towards  the  cioae  of  the  last  and  the  beginning 
of  tbia  centui^  had,  however,  made  the  same  analysis,  aud  "  the 
active  touch  there  first  obtained  the  diatinctive  apfjellalion  of  the 
M(iscu]ar  Sense  (MuakelBinn).*'  Thesa  views  were  soon  after  in- 
trudiiced  into  Scotland  by  Dr,  Thomas  Brown. 

Subfteqaent  variations  of  opinion  in  regard  to  the  Muscalar  &en«fl 
are,  to  some  eitent,  represented  by  the  following  quotations^  J. 
MiUU'r('*Fhydobgie/'  18^)5)  aays:^**  We  have  a  very  exact  notion 
of  the  quantity  of  nerve  force  starting  from  the  brain,  which  is  necc8» 
sary  to  produce  a  certain  movement .  .  .  .  It  woold  be  very  poijstblo 
that  the  appreciation  of  the  weight  and  presBur^r  iu  ca.Hes  wht^re 
we  rai^e  or  resist,  should  he,  in  part  at  leasts  not  a  sensation  in  tha 
muscle*  but  a  notion  of  the  quantity  of  nerve  force  which  the  brain 
is  excited  to  caU  into  action."  Soon  after  tliiB  date,  we  find  Sir 
William  Hamilton  (184fi]i in  his  'Not««  and  Dissertations^  ouReid, 
•  HI, 
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tnatntaiuing  iliai  ilie  tiolion  of  '  reBistunce  *  or  *  weight'  »  aiiprc* 
headed  "throagh  the  locotnt^tlvti  /<tctiUif  and  not  the  tMrwrrtW 
senat}'*  His  view  was  aloioiit  preoi&cly  BiLiiilar  to  thut  of  Mtiller; 
for  whiUt  holding  tliat  resiatftnce  and  weiglit  arc  tnca*nmi 
prineipally  by  what  he  terms  the 'locomotive  faculty/ he  admits 
thitt  the  appreciatlan  by  thia  faculty  of  the  greater  or  leas  force  of 
onr  mental  motive  energy  "  is  ahvays  accompanied  and  aided  '*  by 
fiengatioTig,  of  which  the  mnaciilur  nisufi  or  qutcaccDCt?.  on  the  ono 
haTR^  and  the  reei^ting,  the  prci^aitig  body,  on  the  other,  are  tbo 
oauseg."  He  adda : — "Of  th<?8e  sensation  a,  the  former,  to  mi,  the  feel- 
ings connected  vrilh  the  atatea  of  tension  and  relaxation, He  wholly  in 
the  mngcleB,  and  belong  to  what  b^ia  Eometimea  been  diatingnivbed  as 
the  raaBculai"  senHC.  The  latter,  to  wit,  the  BensiitionB  determined 
by  the  foreign  preaanrC]  lie  jiartlj  in  the  skin,  and  belong  to  the 
sense  of  touch  proper  and  eataneous  feeling,  partly  in  the  fj»*flh, 
and  Ivlnnging  to  the  ^HBcuIar  sense.  Thetic  alTectione.  somriiTnf^s 
pleuflUrubJe,  Hotnotimea  painful^  are,  in  either  case,  merely  mn<lifica- 
tiona  of  the  sensitivii)  nerves  di«Uibuted  to  the  mtiscleB  aod  to  th« 

Thifl  opinion  that  we  appreciate  *  weight'  or  •rcsislanoe'  prin- 
cipally by  the  Ho-called  *  locomotiyii  faculty  *  was,  a  little  later,  n1«fy 
fiivonrabJy  regarded  by  Lntlwig,who  says  ('Lebrb.  derPhy*ii»lrigi«>/ 
18-5*2)1 — "It  conceivable  and  not  nnlikely  that  all  knowlrdgo 
and  discrimination  arrived  at  through  the  exertion  of  the  voluntary 
mnadea  are  attained  directly  throng^h  lb©  act  of  TobiTitury 
excitation,  so  that  the  effort  of  the  will  is  at  once  proceeded  on  as 
a  means  of  judgment."  Prof  Bivin,  in  the  first  edition  of  hi» 
work,  *•  The  Senses  and  the  Intollt'ct"  (IS^ioJ,  aeemed  to  incline  to 
the  same  view,  though  hia  opinion  wae  not  [|utte  adequately  eZ' 
prcRBi'd.  H&  demure  to  what  h^^  calls  Hamilton's  assumption  that 
"  wt*  have  a  feeling  of  the  state  of  leuaion  of  a  tnusele,  indepen- 
dently of  our  feeling  of  motive  power  put  fortli*"  "It  may  be 
quite  true,"  be  add«,  *Hhat  Benailive  nerve  Rtaments  are  supplied 
to  the  tnuscka  aa  well  bh  mubor  filamenta^  and  that  throiigh  these 
are  a^i^cted  by  the  organic  con^litiun  of  the  liHsne.  aa  in  the 
iirat  cliiflB  of  feelings  above  deacribfdi  but  it  does  not  follow  that 
Wti  obtiiin  by  the  same  filamenta  a  distiucttve  fueling  r»f  thii  decree 
of  the  tnitacVs  contraction."  When,  a  fow  lines  farther  on,  Bain 
Hl*akB  of  •*  a  sense  of  expended  energy"  as  "  the  great  cii;ir9U't4>r< 
lytic  of  the  muscular  consctooBneaa,*'  his  precise  view  bt'Comet 
indiHttnct  and  aom^what  confuaed. 

Jj&ndrf^  a  little  later  {*Trait6  des  Paralyaiea,'  1859),  relying  upoEi 
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pftt>nlogicti!  as  nfiM  An  psychological  data,  re-affirms  the  aarae  kiml 
of  viifw  as  that  of  Hamiltoii  (doubted  by  Bain)  in  reference  to  the 
«xiftteace  of  impreastaDs  yielding  feeHnga  of  tensioQ  comiag  froru 
the  muscles  by  Beneory  nerves;  onlj»  lueteod  of  regarding  (willi 
HumtUon)  these  impressions  n,»  aubaidiary,  he  devms  tht^ni  atUim* 
portant,  ai]d  denieif  that  oar  notionB  of  reatBt»nce»  wci|?ht,  &c.,  cim 
be  derived  from  ftny  mer*  cerebral  jirocess,  or,  indeed,  frgm  imy 
other  aource  than  iho  moving  [lurta  theicritieWes.  Ho  Bay«: — *'  Tim 
ego  han  a  diroct  cotisciouj^tteaa  of  the  pheDOmena  of  vutition ;  it 
Itiiows  itiimci]iQ.lely  that  there  has  beeu  a  voluntary  stimulus,  and 
to  yvhut  part  of  the  body  it  is  directed;  aa  to  thy  effects  produ€*^d 
it  ia  only  mediately  mformod  of  theae  and  can  diart'giird  thcrn 
Tl»e  oervouH  action  which  inoitefi  the  movoment  OrtQ  only, 
therefore,  furnt^k  to  consciou^iie^  an  idea  of  the  voUtioti.  and  not 
that  of  tta  exL-cution  It  la  uoc«>H«Ary  thut  the  elFect  of 

the  central  incitaiion  (tho  coiilraciiun)  aliuuld  bo  prtxluc«3  in  order 
that  the  hfiiin  may  perceive,  and  then  it  jwrceivea,  at  the  saiiie 
time,  both  the  aeat  and  the  degree  of  contraction.  Who  Moifrmi'ttt 
ifgelj  tJTp  thereftiVft  the  BOjine  whi'uce  to&  duriv"  notlom  of  IhU  kittd,*" 

This  liitter  part  of  the  view  of  Landry,  ttdvercde  to  the  notions  of 
Mtiller,  Hamilton,  Liidwig  and  other6»  in  regard  to  the  *  locomotive 
fii<jiilty,'  viAa  about  the  same  lime  independently  affirmed  by  G.  IL 
L^wea  ('  Hiysiol.  of  Common  Life,'  vol.  ii.  1860),  though  in  regard 
to  the  mode  in  which  w«  derive  our  impresdons  from  the  moving 
membe^B^  Leweg,  in  part,  introdnced  ua  to  a  new  view-^basod  how- 
ever, njion  very  debatable  grotiiids.  Ho  deemed  it  an  error  to  regard 
the  nerves  of  the  anterior  and  of  the  posterior  roots  as  etssentially 
distinct  in  fnoction:  the  fibres  of  each,  he  contended,  are  both  sen- 
flory  and  motor— thjit  ia  capable  of  truramitting  ingoing  impree- 
aions  as  well  aa  ontguing  stimulatione,  though  they  may  minister 
to  these  fanctions  in  different  proporttoua.  I'he  kind  ofHeuaibiLlity 
to  which  motor  nerves  din'ctly  contribute  (by  c*:>Qveying  bupres- 
aiona  backwanls  from  nuiscle  to  rootor  centre)  nniat*  Lewoa  ttionght, 

l>e  that  nf  what  we  call  the  Mnsctilar  Senee,  by  which  w*j  adjust 
the  manifold  niceties  of  oontraatiop  reqtdred  in  our  moveroenU,** 
'*  The  imdy  ia  balanced,'*  be  added^  "  by  an  inoegetant  Efhitting  of  the 
mu^cics,  one  group  unla^onizing  the  othor.  Bat  thiv  wouM  be 
impofl^*ible,  unleea  eaoh  muscle  were  iidjnsted  and  oo-ordinatt'd  by 
senaation."  Lewes  admits  however,  that  such  scEgations  do  not 
much  "em*:r|?e  into  that  prnminence  which  tiaiiBeB  the  mind  to  attend 
to  them,"  and  he  cites  i^t'hifF  as  holding  the  view  that"  alUhe  pheno- 
mena (i.«-t  conscions  impressiona)  attribntcd  U>  the  mnacular  aensa 
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of  its  owu  outgoiDg  energy."  Tbe  feeling  of  '  cxtjendeJ  energy  * 
by  wliitr'h  we  obtain  our  tiieaa  of  resistance  &nd  of  an  external 
world  IS  not  contained  iti,  or  ati  appanage  of,  the  Tolitionul  act, 
'* but  18  derived  through  iniprcsstiona  emanating  from  the  movinfif 
organs  themaelyea.'*  Ourpcrc^ptionaof  ' rtHiBtance'andof  Mveight* 
B[^»  iti  Tact,  "  partly  made  up  of  tactile  impressions,  partly  of 
paaaive  senaationa  emanating  from  our  musclea  and  joints,  and  of 

inferences  founded  upon  theise  We  experience  certain 

feelings  of  pree^nrei  combined  with  certain  aensutiona  in  the 
mnacles  and  in  the  joints,  and  v&  gradually  come  to  ausociiLte 
certain  combinationa  of  tbeac  with  the  sensationB  produced  by 
handling  certain  atindard  weights."  If  the  term  "musonjar  Henisa* 
ia  not  to  he  applied  to  the  passive  aensibilitiee  of  tnueuh*.  then  it 
must  be  rtetrictod  to  mere  *  aticonscioua'  iiiipresaions,  which  majp 
perhaps,  pasa  upwards  fiom  si'tnal  motor  cinirrit  to  the  biain  by  a 
wpecial  set  of  fibres  (bpc  p.  tiole)  Such  an  endowment  would, 
in  that  case,  have  to  Ije  retfarded  aa  **an  auconacious  organic  guide 
in  the  performance  of  voluntary  movements,"  aad  for  the  exisjlonce 
of  gome  each  guide,  evidence  ia  not  altngether  wanting.  It  vruuld 
also,  in  aJl  probability^  anpply  the  guiding  HenaationB  necessary 
during  the  contiiiuanee  of  automatic  inovomeuts. 

If  we  attempt  to  claaHify  the  viewa  {which  have  been  above  set 
forth  or  referred  to  io  mere  order  of  ttme)i  as  to  the  modes  by  which 
we  apprehend  different  degrees  of  rt'sij/fttnt'e  and  vSi'hjJd,  they  mny 
be  ranged  aa  foUowj^: — 

1.  Eftimiilnn  of  Will-forc*  [throdBfa  •  »-calJe(l  'lowmo- 
tlvB  t&culEy  ■>  imtcTior  to  and  Uidepvudent  of  sonaattofcii  from 

2,  By  a  "sen»eof  ?i[i*ndbd  eDergy"  which  li  con- 
camlUnt  o(  the  outsoiPa  ctiinsnt  "—that  i*,  by  «  MMory 
nvctalioD  rteijltiDg  fn™  tha  iwiiTity  of  motor  c*nLre«, 
derPH  Md  njuitfiM.  (TliU  litw,  which  ia  iilli«d  W  Hjl--  Li-^U 
dmcTA  from  ft  by  tho  added  tiifipq^itiDti,  tli*t  Uis  ftpprecl- 
utton  of  walffhtcq-  rvvlatuiH  rtKiutrM  mora  than  tbo  AOtlrfty 
ifi  t}ie  volttli>Ei&l  e«iitn.  tXt^  e&n  take  pl^  con 
ditlop  tbj^t  tha  motor  Ibc^tatlon  Ii  not  Atujppcd  by  ]>  irulj^lHK 
or  oiher  leslmu,  \m%  on  to  erok*  tho  activity  Itio 
nwtur  ucfvtLH  juid  niu«l»  with  which  ttieToUiilunta  ocutre 

a.  By  iwg^jluff  cumoat*  o*  lratire^i»!on»  from  lliio  fuoiwle*. 
conToyed  buck,  to  Lbo  TuliUonkl  eoutrti»  by  tliu  mtHur 
nerTM  tboiUBelw*.  (Acctirdlnjf  tg  Ihbi  Tiew,  mot-ir  cetitrBa 
met  Bflrrea  wotiUi  bo  colncWoutly  or  !n  Inimedinnly  *ucc« 
aive  IncperaBnta  o«  time  engBh«J  with  outifuln^  and  wltli  lu 
[   gaiDK  cuireDtt.  i  innv. 


MotOT 

Centrefl. 


APPKNDIX. 


Hotor  ftud 
SoDBory 


Oenin*. 


tb  rouffii  *. '  locomottw  liciiliy  \  though  KppmUllo* 
nldrd  by  ordtijuy  teiiMrj  Ifflprmtonf,  tnTtntUv  tukm 
nerroi  wict  wrniing  imm  tho  inaT]d|^  iDBiub*™,  *  ff  ,hj  f 
iiiK*  ^  teticLon  ttd  pr(«^ut«  from  the  n>ur«Ic4  i'miiM-> 
aciiM'^  bod  fe«Unf^  of  prcshurtt  cmanatiug  fiom  titm  skm^ 
J.  MUtifj-und  Hamillfm, 

fr.  Through  tmpi*i?eifolLi  of  teoiioa  aj|d  jirerstirfl  traiM- 
mtttod  by  □nllQi.JT'  scnRory  ncrrcs  from  ttac  moTln^  mam* 
hers,  r.ff.,  from  iiiuiH-k'>KT  frcim  joluti  uul  from  ilclu  ;  Ui4. 
poc«lbly.  Id  sdidition,  tbrwi^h  evrUln  * uaomiakDMii '  liuFiriM* 
cionft  pafeblbg  bjr  Rpurlal  yifondt  uervM  fiuiD  Urn  BjfiamX 
motor  ocbticiL  tti*tu^n., 

6.  Tlirougli  InaprosBl'jiii  of  ten«ion  and  ii^inMnr*  emamli' 
from  Ihe  oQntracUug  muHcIrs,  lnii]nn(it«d  by  onJItiujM 
ftory  parres  of  tuiiKlts  U>  acbfevry  CQntrca.  tait^irp, 

Sehif  ud  JVttWJifMH. 

On  the  other  l>and,  Iti  regard  lo  tlie  exietent^e  ar»d  tuiture  of  any- 
thing like  a  diatiiict '  muacuLur  aeiiBe/  we  meet  with  i\w  fulluwiiig; 

i>  That  there  \»  such  ah  Kndoinrmfiit :  thniigh  [>ppasing  notion* 
are  «nt«rttLmeJ  us  to  the  aonrce  of  it«  iiuprecRtona  &dU  ft« 
to  ita  sctit. 

a.  Itfl  impressions  (becoming  eymbola  of  •  weight*  at 
■  reaibtitnce ')  are  denTed  from  muscles  throngli 
9^ngnry  ni'rves.and  its  seat  ia  on  the  SL-nsoTy  sidfi. 
ITamilittn,  Lanch-y,  Ac. 

ft.  lU  tmpreBBions  are  derived  from  muflcles  thronf^H 
motor  ncrvesi  and  its  s^iit  ia      the  matur  xidt 
icwr*.    (Aliifd  to  thisj  though  each  diffmnj 
aomewhut  tliprcfpjm,  are  the  views  of  WimUi 
and  J3nin,) 

S.  That  there  is  no  snch  i^nriowrneat- 

0,  That  impressions  giving  notions  of  *wcighl'  and 
'  reaklauce/  aud  kDO\vleJge  of  the  poeition  nitd 
TiiiOvemt*titB  of  a  limb,  are  not  derived  fmni 
musclea.    SrhiJ'  otid  TVotiMcau. 

b.  That  the  above  impressionB  are  ontj  in  pait 
derived  from  jiiuaclea,  and,  as  those  having »uc* 
aa  origin  are  for  the  most  part  of  the  '  quooik 
scions '  typei  th&l  there  is  no  eiidowment  worth 
of  the  name  of  *  mnscnUr  •en  bp.'  £a«jt 
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Since  18t>9  ihe  pricctpal  coQlribulioiis  to  tbe  uuljjt^ci  Kaye  been 
nmde  by  Bernhardt  ('  ArchiT  lur  rsychuitrie  vol,  iii„  1872),  Wtjir 
JlitdiL'H  (' liijunefi  of  Nervee*.  187:2  ),  Ferrier  (' Functions  of  tbe 
liraitt',  lB7(j|,  und  (J-  H.  Lewes  (*  Brtiio,'  No.  1,  April,  1878). 

Bernhardt  snpportH  tbe  inlerrQedialo  view  that  our  tiutiona  of 
'resiatauce'  and  'weight'  are  dtTiveiJ  priijcipallj  I'rotn  au  uppre- 
lictifiion  of  the  degrte  of  outgoing  energy  in  the  vohtional  (>etitre, 
thimj^h  in  purU  altjo,  from  oidiaai;y  iientiipetul  inipreaeions.  Weir 
Miubell  alao  holds  aii  intermediate  doctii^e;  he  adinita  the  vf^cacy 
of  ordinary  centripetal  intpreseiunB  from,  ekitt,  joitita,  and  muBcle, 
though  he,  in  addittot)»  r&li«s  nputi  an  ^etiutation  of  another  kiud, 
more  diutiactly  councelod  vfith  thu  volitional  act.  either  in  tho 
mauoer  suggested  by  Sii^wUger  and  Wuadt,  or  else  after  the  faabion 
BUjf^ested  by  the  prea«ut  writer  in  IH^SK  flie  worda  ara  (loo.  eit. 
p.  3ub)i — "Trolmbly,  then,  a  jjurt  of  those  ideaa  wliiehwe  arc  prq- 
flumed  to  obtain  ihron^^h  the  muscular  Heiibe  are  really  coincidetit 
wilb,  and  utccs^^ilated  by,  the  originative  tu;t  of  will,  or  else  are 
tneMoyeii  eeijt  to  tke  sensorium  j'rom  i}te9p{n<U  fjanglki  whkh  every 
act  of  vioior  voUHon  exciifa.**  Weir  Mitchell  adducea  many 
ettremely  interesting  facte  in  reference  to  the  eeneatioae  in  quea- 
tiofi>  and  the  power  of  recalling  fceliogB  of  nmvement  referred  to 
Ddipntttted  liuibs,  which  have  a  very  interesting  bearing  upon  this 
Bubject.  He  thinks,  and  his  facta  ftccm  to  show,  that  Bomething 
more  than  mere  ordinary  centripetal  impreflaions  require  to  be 
)K>»tulated;  but  he  adtniU  that  tbeae  facta  may  be  explained  juet 
as  well  by  impresaiona  paeeiag  to  the  aeneoriuni  from  spinal  as 
from  cerebral  mot^  r  centres.  So  far,  therefore,  Wejr  Mitcheira 
viewa  are  closely  in  accord  with  those  previously  expressed  by 
the  writer  in  1869 — Owiugii  thia  was  apparently  unknown  to 
Mitchell  at  the  time  of  tht'  [uiblication  of  hia  work. 

The  reaeons  cited  by  the  present  writer  in  1869  seemed  quite 
sufficient  to  entilU  him  absolutely  to  reject  tbe  tiotioa  that  degreus 
of  'resistance'  and  'woight*  were  apprehended  through  tbe  cerebral 
motor  ci^ntres,  rather  than  from  centripetal  impreasiona.  The 
grouiida  ior  this  rejection  have  been,  however,  very  decidedly 
strengthened  by  Ferner.  Experiments  made  by  himuelf  aad 
Lander- BruntoTi  show  that  muacular  discrimination  of  weight  ia 
independent  of  tlie  volitional  act,  aince  it  can  be  exercbed  when 
the  muBcles  are  made  to  contract  artiHciully  by  meana  of  the 
electric  atimulua  {loc.  cit.,  p.  228j.  The  facta  furnished  by  certain 
I^*ernonB  BiifferiDg  from  complete  Jlt'.mi'amBstii^Hia  alno  becm  con- 
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ataxy '  ih^  amonot  of  ft^mptoni;*  indicative  of  a  dimmation  in  Ibe 
BO-cnll#d  *  tnmcaht  sennc  '  vrtts  f^eneruily  proportionate  to  the  im- 
patrmeot  ol  tho  diSeri^nt  mo<3eB  of  common  seimibility  in  Ihv  liinb. 
Ttit  some  more  exceptional  cases  of  this  dieeuae  recordeJ  by 
Biuiir?,  Trouas^aii  and  others,  as  well  Wi  eome  reinarkab]**  casea 
reJorred  to  by  LundrY,  in  which,  ii*tthoitt  the.  exhteiice  oj  antrsihcsut, 
the  patient?  were  reduced  to  a  cunditioa  very  ehnilar,  a?  rc^rarda 
motility  and  the  eeneatiotie  resnltina  fpom  movement,  tc  thut  of 
Demeaax'a  patient,  s&emed  to  show  prestty  conclusively  "that  the 
brain  is  assisted  in  the  eiecalion  of  volnriltiry  movt^mcrtp  l'^  gnid- 
ing  ImpreseionB  of  some  kind,  whieh,  whilst  they  differ  in  mc^de  of 
origirv  from  the  irnpressioTi*  derivttble  by  meo^ns  of  the  oidimary 
ciitimeooB  and  deep  BeTseibility,  may  differ  atrll  further  from  tht;ae# 
owing  to  the  fact  of  their  not  beiny  revealed  in  conaciousnuss* 
There  i»  cl^irly  tk  loss  of  somethiag  in  thcbo  castas,  oi  a  fiomethiD^' 
wLieh  HQrves  as  a  guide  in  ilie  execution  of  voiunt;Lry  movements, 
but  whose  absence  dan  be  compenaated  by  the  6y[H.<n48iori  of  the 
visaal  sense ;  and  this  is  in  grerit  part  the  lutictioM  wbiL'h  nmue 
phymplogistH  attach  to  the  ^mu^eular  sensa '  my  position 

ie  that  tbe»e  imprt'eeionii  of  the  muscular  sense,  whose  existence 
we  are  tbns  obUffed  to  postulate,  are  unconteionB  impresBiottSi 
and  that  the  conscious  impreaBiona  that  have  usually  tj^cn  Btnted 
to  fall  within  its  proTince  ^re  really  derivable  through  modes  of 
ordinary  cutaneons  and  deep  aen^Lbility/* 

The  coDciu prions  thns  deduced  in  1869,  are  fully  home  out  by 
what  we  now  know  concerning  Hemi-anaestheaia  of  cerebral  origin. 
The  instance  rt^tiorded  by  Denieaui  ie  altogether  eitjcptional,  sinoe 
in  many  of  such  caseH  rompletc  naperiicial,  and  in  some  even  deep 

*  Tb«  route  ol  thus  alfcreiDC  Iiuiircwlona  tA  the  oonuaettDcinaat  txtd  tofwda 
the  end  of  tbclr  couTBo  wn»  Uigq  whoU/  uakBDWU.  Axul  In  Iftir*  of  dltnciiltlM. 
fdtMtitad  by  oTldenca  adduced  hy  AmM,  tlw  writer  bamrded  tlw  folk 
cotije?tiu«i  *'Thiui  I  uwutun  it  b>  be  {laflaiibl*  th«t  wbflQ  molecular  clumgw  u« 
excited  in  tiertuin  ipUul  Dtotor  cells  «a  «  mult  of  a.  VDlftloiial  impiilso,  pmiiortlonai 
■vciirronC  improBBlotu  may  be  carried  lUonif  ccrtAin  fibres  t-ikitig  ui-lgib  fram  tb4 
nutor  cflUi,  uid  aanmdtng  in  the  poflterior  coIiiumB  of  Uio  cord.*'  In  thin  wny 
tha  brain  ntght  derive  tmpreMiom  refenriblo  to  tha  deffrt»a  dI  nctlTlty  ut  iba 
TarlDiu  miifcliM,  or  Mit*  of  muv^-le*,  of  a  Uiub.  Uut  ourptctftsnt  tDcrvAUd  Icnovrle^J^ 
cxmcomtug^  the  AxbilcncD  pI  'Mneury '  ncrvca  In  ehurcIo.  ni>  Impact  renderw  rieuc*B.sify , 
Uif  kUcb  h7|KitbcB.[R,  oape^Cally  as  the  writer  Lh  now  IncllQcd  to  flgrve  with  FuniV  j 

in  hli  liit«i^mt»iiun  ('  Ku»i:tlnmt  of  tbe  BnJTi,'  p.  Atnu!ld'«  ex|)«rtin«a|A. 

thiw  no  louger  fDnln  anj  dll^ijultj'  In  bellcTfug  th«t  some  of  the  Mnaoiy  flbn 
mUlcIca  which  outer  the  lipSnDl  curd  by  the  poHttsrlot  J-Dot«  'Of  tUe  ap(n4l  nerveit  R1*r 
tnkDnuiH  io  tha  brain  tlicuifi  ulojiMt  eTcr-prutnt '  uncoD-St^iciiin '  iinjtnsMiutj*  which 
H  matirlidlf  gufd^a  m  In  Ibe  exevutloii  <4  oil  our  muvtimeiiti. 
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